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Unusual career opportunities for qualified scientists and engineers .. . write Avco/Nashville today. 


Aveo /, Nashville 


~~ 


How 

Avco/ Nashville | 
helped puta mighty 
airlift in the sky 


Almost overnight, the USAF airlifted 
thousands of troops and millions 
of tons of cargo to Middle East and |} 
Far East trouble zones last year. i 


Backbone of this—and practically all 
tactical Air Force operations today 
is the famous prop-jet C-130, the 
Lockheed Hercules. It flies to any spot |] 
in the world in 36 hours or less... i) 
loads 20 tons of cargo in 40 seconds .. 
carries missiles to launching sites 
anywhere in the world. 


if 


To produce empennages for the Hercule! 
Lockheed called on Avco/Nashville. Lor|f 
experience in airframe tooling bythe || 
Nashville Division assured Lockheed 
of positive fidelity to design, uniform 
quality, perfect interchangeability. 


{ 


Avco/Nashville’s facilities include 

such advanced manufacturing techniqui 
as Avcomb, stainless-steel honeycomb 
structures, aluminum honeycomb, 
chemical milling, and metal bonding. 


Supporting these facilities is an 
engineering staff that devotes its full | 
time to airframe and missile structures } 
with “‘on site’”’ service, and fast, 
economical project completion. 


| 
i 
1) 


For more information on the Nashville 
Division’s capabilities in aircraft, i) 
missiles, and ground support structures); 
write: General Marketing Manager—_| 
Structures, Nashville Division, Avco 
Corporation, Nashville, Tennessee. 


| 
i 
1 
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Another “First” from Goodyear Aviation Research Pre ) / % GW. pee 


ety Cella fuel tank 
- can wi ths and 


THE PROBLEM: how to control aviation fuel during high-impact conditions so that instan- 
taneous vaporized combustion can be prevented. 


THE GOODYEAR ANSWER: Safety Cell, a high-strength, low-weight fuel tank made of 
super-tough rubberized fabric. Under exhaustive testing, in cooperation with the Federal Avia- 
tion Agency, these tanks have successfully withstood impacts exceeding 30 G’s—maximum level 
of human tolerance. This means that the danger of vaporized combustion at impact is sub- 
stantially reduced. Thus, the opportunity for survival is materially increased. A number of these 
tanks are already in use. 


THE SIGNIFICANCE: personnel and property protection against full vapor combustion 
far beyond any type previously obtainable. 


More information on Safety Cell, the revolutionary new fuel. cell, is yours for 
the asking. Simply write Goodyear, Aviation Products Division, Akron 16, Ohio. 


AVIATION PRODUCTS BY 4 


& 
GOOD, 


*Safety Cell—T. M. The Goodyear Tire & Rubber Company, Akron, Ohio 


MORE AIRCRAFT LAND ON GOODYEAR TIRES, WHEELS AND BRAKES THAN ON ANY OTHER KIND 
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WA NIKE HERCULES 


..»Where it counts! 


Best proof of Dunco Type FC-6 reliability is the fact that 
these sturdy little relays are specially designed to play impor- 
tant parts in all of the missile programs illustrated above— 
and several more besides, 

Type FC-6 Relays are spotlessly clean. They have a new 
and outstandingly dependable contact material, and include 


unique design features that provide positive protection against 
extreme vibration and shock. 


Dunco Bulletin FC gladly sent on reque 


STRUTHERS-DUNN 


Makers of the world’s largest selection of relay types 
STRUTHERS-DUNN, Inc., Pitman, N. J. 


Sales Engineering Offices in: Atlanta + Boston + Buffalo » Chicago + Cincinnati + Cleveland » Dallas * Dayton + Detroit * Kansas 
City + Los Angeles + Montreal » New Orleans + New York + Pittsburgh + St. Louis » San Francisco + Seattle * Toronto 
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FOR THE TITAN ICBM the Martin Company specifies, 
among others, wire insulated with TFE resins at the 
launching pad. TFE resins are used for insulation of 
the thermocouple conductors and, in special cases, 
for coaxial and triaxial leads. The insulation resists 
. the extreme heat: of the rocket blast and provides 


minimum. cable capacitance in the signal. circuits. 
Overload of one wire does not burn_or fuse adjacent 
wires insulated with TFE resins. Conductors are pro- 
“tected from the corrosive effects of missile chemi- 
cals and solvents. Cable replacements are minimized 


TFE resins outperform all other organic insulations 
in resistance to temperatures and heat aging 


You can depend on TFE-fluorocarbon resins, because they retain 

useful mechanical and electrical properties far beyond their con- 

Tensile strength vs. temperature tinuous service rating of 260°C. In fact, these resins maintain ap- 

preciable mechanical strength even past their 327°C. (621°F.) gel 

point, as the curve at left shows. When you use wire and cable in- 

POLY CHLOROTRIFLUOROETHYLENE sulated with TFE resins you get an extra factor of safety against high 

ambient temperatures and conductor overheating due to current 

overloads. The insulation will not melt, char, burn, embrittle or cut 
through. 

With this type of wire, you can save weight and space, because you 
can reduce conductor cross-sections and thickness of insulation 
without sacrificing power ratings. And in production, your electronic 
assemblies can be soldered rapidly and efficiently without damage to 
insulation. The outstanding dielectric properties of TFE resins re- 
main virtually unchanged over extremely broad ranges of tempera- 
| | | ture, frequency and time. 
. : ‘0 = $00 ne 50 Call your supplier of wire and cable insulated with TFE resins 
°F 32 212 392 572 12 ae today. He’s listed in the Yellow Pages under ‘‘Plastics—Du Pont.” 

TEMPERATURE For additional technical data write to: E. I. du Pont de Nemours & 
Co. (Inc.), Polychemicals Dept., Room T-611, Du Pont Bldg., 
Wilmington 98, Delaware. 


10,000 -__ 


1,000 _ ETHYLENE 


“TEFLON” 


TFE resins 
POLYSTYRENE 


TENSILE STRENGTH, PSI 


In Canada: Du Pont of Canada Limited, P.O. Box 660, Montreal, Quebec. 


® TeFLon is Du Pont’s registered trademark 
for its fluorocarbon resins, including the 
TFE (tetrafluoroethylene) resins discussed herein. 
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TRANSISTORIZED 


DIRECT READING 


Gaussmeter 


provides 
nine 
full-scale 
ranges 


% ee 
ee 
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RANGES (Gauss) 


0-100 0-1000 0-10,000 
0-200 0-2000 0-20,000 
0-500 0-5000 0-20,000 plus 


This stable, all transistorized Gaussmeter operates on the 
Hall Principle and provides a conservative accuracy of +3% 
over-all ranges. Accuracy can be increased to +1% at any 
point between 500 and 20,000 gausses by use of special probe 
reference magnets. Response is flat when measuring magnetic 
fields from DC up to 120 cps. Correction curves are supplied 
for measurement of fields up to 400 cps. 


The Model 1295A Gaussmeter operates from 
115-volt, 50-400 cycle power line. Internal 
switching arrangement and battery holders are 
also provided for self-contained battery opera- 
tion. Compartment in back of aluminum case 
provides storage for probe, reference magnet 
and power cord. Over-all size is 11 x 7 x 12. 
Weighs 12 lbs. Net price $420. complete. 


Probe Reference Magnets 


Unit is supplied with a 1000-gauss +34,.% 
probe reference magnet and one standard 
probe. Nominal probe thickness is 0.025”. An 
ultra-thin probe, measuring 0.007” is available 
on special order. Sensitive element area of 
probes is approximately 0.017 square inches. 


TYPICAL 
REFERENCE MAGNET 


SEND. : Prices are f.0.b. Boonton, N.J. & 
“FOR - subject to change without notice. 


: Radio Frequency 


DATA 
tion dat LABORATORIES, INC. 
phone DE Boonton, New Jersey, U.S. A. 


‘onstrations available 
by local representatives: 
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cover story 


special report: 


production & : 
materials engineering 


Gigantic machine tools, an ad- 
vanced honeycomb structure, and 
the molecular structure of a com- 
bined material were brought to- 
gether on this month’s cover by 
artist George Meyerriecks to de- 
scribe the scope of SPACE/AERO- 
NAUTICS special report on Produc- 
tion and Materials Engineering. 
Beginning on page 39, this report 
surveys the state of the art and 
the outlook for the future in the 
fields of production and materials. 
It includes detailed reviews of ma- 
terials working equipment and 
methods, evaluations of new metal- 
lic and non-metallic materials, and 
special articles devoted to the prob- 
lems of electronic materials and 
production. 


TO 


Published by Conover-Mast 
Publications, Ine. 


B. P. Mast .... Chairman of the Board 
B:-PSMastilirs 40 aero President 
William G. Maass Vice President 
A. M. Morse, Jr. ...... Vice President 
A. H. Dix .... V.P. & Dir. of Research 
Harvey Conover, Jr., .. V.P. & Secretary 


Leo Haggerty: 25 (24-26 ee Treasurer 
John T. Dix ... Dir. of Midwest Oper. 
He Liehowardeeee Promotion Mgr. 
L. E. McMahon Production Mer. 
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Other Publications 


Business/Commercial Aviation 
Boating Industry 
Mill & Factory 
Purchasing 
Electrical Manufacturing 
Construction Equipment 
Volume Feeding Management 
Conover-Mast Purchasing Directory 


SPACE/AERONAUTICS 


Industrial 


Products 


Division 


IN 

CUSTOM 
POWER 
EQUIPMENT 


The Industrial Products Division of ITT offers a complete facility 
for custom airborne, ground, and ground-support power equip- 
ment and systems. Backed by the research, development, manu- 
facturing, and technical experience of the worldwide International 
Telephone and Telegraph Corporation, we can package power 
equipment with built-in reliability to your exact requirements. 
Our complete engineering staff and environmental testing facili- 
ties enable us to supply reliable, high-quality units and systems, 
both quickly and at reasonable cost — 


e DC Transformers @® Complete Systems @ Magnetic Amplifiers 
@ T/R units e High-voltage Supplies ©@ Transistor-regulated 
e Partial Systems © Inverters Supplies 


20-Amp Silicon T/R used Launcher power supply Static power unit for 
on Chance-Vought F-8-U for Lockheed’s F-104 this nation’s most 
and Douglas A4D-2N Starfighter advanced jet bomber. 


Typical ITT Power Units. More than 50 different models of ITT 
power equipment are proving themselves in use every day. 
THE LATEST IN STATIC POWER DESIGN 


We have a complete line of fully qualified static power equipment, 
from 20 to 200 amps, in silicon or selenium. No moving parts. 
Long life — models up to 10,000 hours. 


- Let us know your requirements... write, wire,.or phone. 


Industrial Products Division 
INTERNATIONAL TELEPHONE & TELEGRAPH CORPORATION 
15191 Bledsoe St. * San Fernando, Calif. 


REGIONAL OFFICES: NEW YORK (Lodi, N.J.), PRescott 3-1550; DALLAS, FLeetwood 1-4468 
CHICAGO, LOng Beach 1-3936; LOS ANGELES (San Fernando), EMpire 7-6161 


ITT provides power source tor Convair's 
B-58 Hustler — a completely integrated 
electrical power system 
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BEGoodrich 


WHAT IS IT? Probably the biggest homogeneous void- free 
laminate ever built... a B. F. Goodrich ablation shield for an 
experimental re-entry vehicle designed and built by 

General Electric to be test flown on an Air Force Atlas ICBM. 
Fabricated by a special B. F. Goodrich winding technique, 

the shield contains about five miles of high-temperature resin 
tape. This fabricating technique, which is also being used 

for many other specialized B. F. Goodrich products of various 
types and sizes, completely eliminates precision matched metal 
molds, cuts tooling costs by hundreds of thousands of dollars, 
and saves plenty of lead time. Autoclave curing replaces 
massive high pressure presses. 


Throughout the construction of this re-entry vehicle shield, 
B. F. Goodrich maintains constant quality control of resin 
content and residual volatiles. Modern radiological facilities 
are used for final checking. 


The fabrication and curing of such huge void-free parts 
illustrates the advances made by B. F. Goodrich in producing 
high-temperature, reinforced plastic products. So if you’re up 
in the air and want down-to-earth answers on plastic laminate 
constructions, contact B. F Goodrich Aviation Products, a division 
of The B. F. Goodrich Company, Dept. SA-119, Akron, Ohio. 


B.EGoodrich aviation products 
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Here’s a quick rundown of the technical information offered in the articles in this issue. 
You can also use these article abstracts to build up your own permanent record for refer- 


ence in the future—just clip them, paste them up on standard three-by-five cards, and 


file them. 


Astia code: 14-1, -2, -6, -8, -9; 
"16-2, <4; -5; 6, -1) 2681-5 
Your code: 


Special Report: : , ‘ 
Production G Materials Engineering 


“Exotic’’ materials trigger 
production ‘revolution’ 


Trends in new materials for aerospace vehicles and 
their effect on the industry’s production equipment and 
processes. Expected changes in joining, machining, and 
forming methods are discussed. 


by Irwin Stambler, Associate Editor & Project Leader 


space/aeronautics 32/5 (Nov. ‘59) p. 39 


Astia code: 17-4, -5, -6; 
Your code: 


Special Report: ; : ; 
Production G Materials Engineering 


Machine tools: From new techniques 
to new designs 


Review of state of the art in machine tools and machine 
tool cutters, including data on the use of current cutters 
to machine AM 350 alloy. Forecast of cutting-type 
machine tool developments over the next decade. 


space/aeronautics 32/5 (Nov. ‘59) 


Special Report: 


Astia code: 17-4, -5, -6; 25-6 
Production G Materials Engineering 


Your code: 


High Temperature chipless methods for 
machining metals 


Review of status of chipless machining techniques. 
Coyers chemical milling, electrolytic, electric-discharge, 
electron-beam, ultrasonic, and plasma-jet machining, and 
material displacement. Gives advantages and limitations 
of each process and types of materials it can handle. 


by Alfred G. Jones, North American Aviation 


space/aeronautics 32/5 (Nov. 59) p. 48 


Special Report: 


Astia code: 17-4, -5; 26-1 
Production G Materials Engineering 


Your code: 


Production know-how gaining on 
superalloys and refractory metals 


Report on status of metals for service over 1000-deg F 
regarding properties and producibility. Curves of me- 
chanical properties of commercially available and experi- 
mental alloys. State of the art in machining, forming, 
and otherwise working these metals is reviewed. 


by R. H. Sparling, Convair 
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Astia code: 14-8; 26-1 


Special Report: 
rea e Your code: 


Production G Materials Engineering 


New resins lead 
structural plastics development 


Phenyl-silane copolymers, epoxy-novolacs, and peracetic- 
acid-type diepoxides are reviewed to show state of the 
art in resin development. Details are given on these 
materials’ structures, application, and fabricability. 


by E. J. Zeilberger & J. H. Lieb, North American Aviation 
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Astia code: 26-1 


Special Report: 
3 Your code: 


Production G Materials Engineering 


Bonding and welding: 
ideal for new aerospace materials 


Two-part review of inert-gas-shielded-arc welding proc- 
esses and the fabrication of structural sandwich assem- 
blies. Details are given on materials, production rates 
and limitations, and the potential of processes and tech- 
niques in use or under development. 


space/aeronautics 32/5 (Nov. ‘59) p. 63 
Special Report: Astia code: 
Production G Materials Engineering Your code: 


New materials pose problems 
for mechanical joining 


Review of the state of the art in the riveting and bolting 
of aerospace structure. The trend to higher strength 
fasteners is discussed and the need for new methods of 


hole preparation in high strength, high temperature 
metals. 


by Irwin Stambler, Associate Editor 
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Special Report: 


Astia code: 26-1 
Production G Materials Engineering ae 


Your code: 


New techniques, greater precision 
for forming processes 


Survey of state of the art in power spinning, forging, 
extruding, sheet rolling, and high energy rate forming. 
Examples are given of the latest developments in these 


areas, including details on explosive forming and high 
energy rate machine tools. 
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To make filing easier, each abstract is coded according to the Astia Distribution Guide. 
Copies of this guide are available from Armed Services Technical Information Agency, 
Arlington Hall Sta., Arlington 12, Va. There is also room on the abstracts for you to 
insert your own key if you use a special coding system. 


Special Report: 


j Astia code: 26-1 
Production G Materials Engineering 


Your code: 


Numerical control comes into its own 


Description of semi-automatic programing of N-156F 
nacelle frame production as example of machining of 
entire N-156F fuselage by numerical control. Typical 
equations, control lines, and shapes are shown. Advan- 


tages of numerical control for advanced production are 
explained. 


by Arthur F. Eskelin, Northrop 
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Aerospace Engineering 


Astia code: 27-2 
Systems, Structures, Components 


Your code: 


Thor ramjet develops 100,000 hp 
(Design Progress) 


First details of Thor BT-1 ramjet engine showing main 
interior components, structures, fuel system, and gas 
flow. Engine is early model of Thor now in production 
for Bloodhound surface-to-air guided missile in service 
with RAF and ordered by Swedish Air Force. Develops 
more than 100,000 hp at Mach 3. 


by Randolph Hawthorne, Editor 
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Aerospace Engineering 


Astia code: 24-1, -2 
Accessory Systems 


Your code: 


How to select aerial cameras 


Discussion of basic parameters affecting the performance 
of aerial cameras and explanation of three nomographs 
that largely eliminate the computations involved in cam- 
era selection. The nomographs give exposure time, target 
definition, and a series of operational factors. 


by Samuel Bousky, Chicago Aerial Industries 
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Astia code: 10-5; 27-3 


Aerospace Engineering 
Your code: 


Accessory Components, Propulsion, 
Materials 


Choosing filter media for 
liquid propellants 


Review of factors that influence choice of filter materials 
for routine and special fluid-system applications. Covers 
metallic, organic, and inorganic materials. Analyzes best 
use of sintered-bronze, sintered-stainless, and wire-woven 
elements. Gives porosity rating ranges and temperature 
capabilities. 


by Gerald J. Harman, Harman Equipment 
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Aerospace Engineering 


Astia code: 1-2, -3; 19-3 
Systems Engineering 


Your code: 


Firebee design keeps up with fighter 
capabilities 


Design study of Ryan Q2-C Firebee target drone. Chang- 
ing from passive augmentation of earlier models to ac- 
tive augmentation is discussed. Design changes from 
earlier models are detailed. Three-views and sectional 
drawings are shown. 


by Irwin Stambler, Associate Editor 
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Astia code: 8-2, -3 
Your code: 


Special Report: 
Production G Materials 
Engineering—Electronics 


What makes a good thermoelectric 
material? 


Study of thermoelectric materials centers around under- 
standing and control of electric and thermal conductivi- 
ties and thermoelectric power. These factors and their 
interrelationships are analyzed. Two thermoelectric ma- 
terial research programs at Servomechanisms are dis- 
cussed, 


by Gordon Steele, Servomechanisms 
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Your code: 


Special Report: 
Production G Materials 
Engineering—Electronics 


Diffusion promises more efficient 
semiconductor production 


Diffusion may answer many of the problems in semi- 
conductor manufacture. Performance of diffused devices 
and inherent design flexibility of the process make mech- 
anized production less of a gamble than with previous 
semiconductor types. Production steps for diffused tran- 
sistors and diodes are outlined. 


by James Holahan, Electronics Editor 
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Astia code: 8-2 


Special Report: 
a a Your code: 


Production G Materials 
Engineering—Electronics 


Metal-oxide additives for 
high-K capacitor ceramics 
Analysis of formulation of high-K capacitor bodies. 
Some typical high-K materials are detailed. The effects 
of adding varying amounts of metallic oxides are plotted 


and techniques for achieving high-temperature stability 
without sacrificing dielectric constant are outlined. 


by F. N. Bradley, Boeing Airplane 
(Nov, ‘59) p. 181 
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JET ENGINE SUPPRESSOR 


WITHSTANDS 
SUPERSONIC SHOCK 


BUTTRESSED BY THE epviVe tt Wy od / 59 crew 


Suppressor in use behind an Air Force F-86 H “Sabrejet”’ 


Muting the ear-shattering roar of a jet engine on means. The reason? The Saginaw b/b Screw converts 
pre-flight “run-ups”’ is the job of Koppers Company, rotary motion into linear motion with over 90% 
Inc.’s new Portable Run-Up Suppressor. And four efficiency! And the dependable Saginaw Screw also 
Saginaw Ball Bearing Screws—flanking the body of played a significant part in keeping the Suppressor 
the Suppressor—help hold it rock-steady against the both light in weight and portable in design. 


full force of the jet engine’s supersonic blast! i2 = 
Whether you manufacture miniature electronic con- 


These Saginaw b/b Screws enable the Suppressor trols or giant production equipment, the Saginaw b/b 
to be hand-raised or lowered into position faster Screw may be able to give your products that 
and with far less effort than by any other manual valuable Sales Appeal you’re looking for. To dis- 


cover all the benefits it can bring you, write or tele- 
phone Saginaw Steering Gear Division, General 
Motors Corporation, Saginaw, Michigan—world’s 
largest producers of b/b screws and splines. 


Give your products 
NEW SALES APPEAL... 
Switch to the 
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Designing transistor circuits with 
statistical techniques 


Detailed digest of parts of “Transistor Application Man- 
ual” prepared by Arinc Research. Statistical methods are 
described for applying transistors in military electronic 
equipment. Probability distributions and statistical tech- 
niques for determining the effects of part tolerances on 
circuit output are derived. 


by James R. McDermott 
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Use the “Time-Saver’’... 


.. . our Reader Service Card opposite page 231 
to get more information on any product men- 
tioned editorially or advertised in this issue. It 
takes just three easy steps: 


1 Write the reader service numbers of the items 
of interest on the Card. 


2 Fill in your name, title, company, and address 
and check the type of project your work ap- 
plies to. 


3 Tear out the Card and mail it (no postage 
necessary.) Space/Aeronautics’ Reader Serv- 
ice Dept. will get in touch with the manufac- 
turers for you. 


MN 
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Physics and applications of 
photon IR detectors 


Concise review of the fundamental physics of the most 
widely used infrared detectors—the photoemissive, photo- 
conductive, and photovoltaic types. Latest advances in 
IR masers are covered. Diagrams of electronic energy 
structure of semi-conductors, impurity energy levels in 
the forbidden gap, and the PEM effect. 


by Marvin M. Antonoff, General Electric 
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coming next month 


THERE IS little question any more that the Russians 
are clearly ahead of us in space developments. The 
question now is, Why did we fall behind and how 
can we pull even? On the basis of exclusive informa- 
tion on the technical and political problems involved 
in our space effort, SPACE/ AERONAUTICS will try to 
point the way to an answer by analyzing both our 
present shortcomings and the requirements for great- 
er success in the future. 


HOW MOBILE can GSE get? Pretty mobile, if the 
support equipment for one of our latest tactical 
ballistic missiles is any indication. This advanced 
GSE design will be the subject of a detailed en- 
gineering analysis. 


PERHAPS in no other field are futuristic designs 
as dazzling as in propulsion. Only these bold new 
concepts are all on paper, of course, and that’s 
where they'll remain for some time. The really 
important question for our propulsion progress 
is, What can we do with the hardware we have? An 
answer to this question will be given by Contributing 
Technical Editor Kurt Stehling. 


coming soon 


ANOTHER SPECIAL REPORT — on Undersea 
Weapon Systems. As part of this project, SPACE/- 
AERONAUTICS will present staff-written state-of-the- 
art surveys on the problems of detection, navigation, 
guidance, powerplants, structures, and materials as 
they affect the latest field to be opened up to the 
aerospace industry. Among several additional fea- 
tures, an outstanding one will be a thorough review 
of the properties and peculiarities of the physical 
environment of undersea operations. 


JU UOC COC COO eee eee 
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keeping in touch | 


Why write for technical magazines? 


Some COMPANIES have seen that it is a good 
thing for all concerned if their technical people get 
articles published in recognized technical journals. Two 
big ones that come to mind are Convair and General 
Electric. 

Convair, particularly, is an example of enlightened 
interest in this matter. The San Diego aerospace firm 
has set up a writing award plan to encourage its en- 
gineers to write for recognized scientific and technical 
journals. General Electric, although it has decentralized 
its activities in getting GE personnel to write articles, 
nevertheless makes a continuous effort in that direction. 

It is a surprising fact that, with all the tons of tech- 
nical data ground out each year by the industry in 
engineering developments and research reports, rela- 
tively little of it gets to people who could use it. Either 
most technical people don’t know particular. data exists, 
or they can’t readily lay hands on it, or, simply be- 
cause the data isn’t “packaged” so they can absorb it 
readily, they don’t read it. 

Yet all engineers hunger for ideas they can use in 
their jobs. The corollary of this is they have ideas that 
their colleagues, in or out of their specialties, also 
hunger for in their work. We have seen this in the 
thousands of requests we get from readers for technical 
information. 

Companies and R&D institutions and centers have a 
special interest in this situation. Time and again we 
hear the complaint from a company PR man that “no 
one knows we are in this field.” How many know, 
for instance, that Ryan Aeronautical activities now 
are about 50 per cent in electronics? Or that it is a 
specialist in Doppler? 

With the diversifying that has been going on in re- 
cent years, such matters become of top importance 
not only to the company directly concerned, but also 
to other firms who have special problems they want 
handled by subcontractors. 

Then there is the matter of attracting badly needed 
personnel. A good technical article will help a lot in 
getting them. 

Of course, one way to get a “story” of new company 
activities across is to advertise. But, much as we love 
our advertisers, we must admit an ad isn’t necessarily 
the only or even the best way to do the job. An article 
that shows the depth of penetration into a special field, 
and the competence of the personnel engaged in it, 
goes a long way toward arousing in a technical reader 
the feeling, “Now there’s an outfit I’d like to join.” 
This creates the proper climate for an ad in the proper 
journal. 
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By getting published, the writer increases prestige 
for himself and for his organization. SPACE/AERO- 
NAUTICS, on the other hand, has the selfish interest of 
getting topnotch technical articles for its readers. Un- 
less we continue to attract our high quality readership, 
our advertisers will stay away from us in droves. 

Those managements in industry who haven’t thought 
about technical magazine writing incentive plans for 
their engineers and scientists might weigh the ad- 
vantages. At the very least they could give their PRs 
some encouragement to dig out the talent. Write our 
Editor for his Editorial Requirements instruction sheets, 
which give information on what is wanted, how it is 
wanted, style, who our readers are, and what our edi- 
torial concept is. 


Britain’s Jodrell Bank radio telescope 


Kurt Stehling, SpAcE/AERONAUTICS’ Propulsion & 
Astronautics Editor, sent us some details about the 
great Jodrell Bank radio telescope, which he visited 
while in England. It has been in constant demand ever 
since the first Sputnik bleeped out in space. The day 
Kurt walked in, they were tracking the latest Discoverer 
(August shot). A Space Technology Labs crew works 
with the British on coordination of Able and other 
U.S. space launchings, as well as the USSR’s. 

The steerable telescope is a full paraboloid. It is 250 
ft in diameter and has its focus in the plane of the 
aperture. Its surface is a solid membrane of welded 
steel sheets. Kurt says this is better than copper mesh 
(the material first planned) since all losses due to 
transmission on short wavelengths—less than 21 cm— 
are avoided. 

The parabolic surface can be kept to an accuracy 
of better than +1 in., Kurt says. This gives a beam- 
width of six degrees between half-power points at one 
meter wavelength. The 2100-ton structure moves in 
azimuth, declination, and right ascension with a maxi- 
mum automatic scan rate of 20 deg/min. Relatively 
small electric motors powers it, Kurt found. 

Many new radio sources have been detected and 
measured in the 21-cm region, he reported. 


Mila a Ga 


Publisher 


SPACE/AERONAUTICS 


) 


[ WHEN IT COMES TO SHIELDED WIRE 


SLIDE SLIP CRIMP SNAP 


on the ferrule in the ground taps the three together on the IAP 


PRESTO 


the best insulated ferrule you can buy 


Cee eee i oe 


How’s that for speed! And the post-insulation of the Termashield 
Shielded Wire Ferrule is easily and quickly accomplished . . . you 
eliminate close tolerance cable stripping required by other tech- 
niques . . . you eliminate blind probing of taps into other type 
ferrules .. . you eliminate solder and burnt cable... you eliminate 
lost time . . . you eliminate doubt. 


For positive attachment, top reliability, unbeatable speed and 
tangible economy, get A-MP Post-Insulated Termashield Shielded 
Wire Ferrules. 


Write for more information. 


MP INCORPORATED 


GENERAL OFFICES: HARRISBURG, PENNSYLVANIA 


A-MP products and engineering assistance are available through subsidiary companies in: Australia « Canada e England « France « Holland « Japan 
Write in No. 7 on Reader Service Card at start of Product Preview Section 
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HETHERINGTON 


SWITCHES e INDICATOR LIGHTS e SPECIAL ASSEMBLIES 


NGINEERIN’ 


Say “WHEN” to Toggle SWITCH 
MINIATURIZATION 


Few basic electrical components 
have been successfully miniaturized 
with such telling effect as the toggle 
switch. Hetherington has devel- 
oped space- and weight-saving 
cylindrical types with ratings, di- 
mensions, and performance tailored 
to the critical requirements of air- 
borne and industrial electrical sys- 
tems. And, thanks to Hethering- 
ton’s positive cam-roller snap 
action, even the smallest types 
carry ratings far greater than their 
sizes would indicate. 


71000 
SERIES 


Recent Hetherington develop- 
ments such as the sub-miniature 
Type T4103 shown above approach 
the point where further miniaturi- 
zation would seem to present more 
difficulties in mounting than in ob- 
taining adequate switch perform- 
ance. Although not quite ready for 
production, field tests of the T4103 
have shown great promise for dras- 
tically cutting weight while assur- 
ing better performance in avia- 
tion’s toughest jobs. 


Write in No. 100 on Reader Service Card 


8 AMP 
U. L. RATING ‘6{ 
... 2 amp Size 

and Price 


BOE 
16 
Here’s just the push-button switch to 
dress-up and improve that instru- 
ment, appliance or other “black box” 
now on the drawing table—and with 
attractive cost and space advantages 
in the bargain. 

/For the performance of these B- 
Series Switches comes mighty close 
to that of Hetherington’s aviation- 
quality switches in terms of positive 
“feel,” fast and audible snap-action. 
Normally-open or closed SP-ST types 
with 8-amp U.L. Approved ratings 
available with lugs or 6” leads. Send 
for Data Sheet S-4. 


Write in No. 102 on Reader Service Card 


HETHERINGTON INC. 


SWITCH PROTECTION 
“TAILORED” 


to humidity 
... moisture 


... Spray 
... immersion 


Although the mechanism of every 
Hetherington push-button and toggle 
switch is protected by the case against 
dust and moisture, some special re- 
quirements call for additional “cli- 
mate-proofing.” Where the perfect 
hermetic seal of a metal bellows is 
not needed, “O” rings, sleeves or boots 
of lightweight silicone rubber offer in- 
expensive solutions for most applica- 
tions as shown by the typical types 
at right. 


DELMAR DRIVE, FOLCROFT, PA. 


“BILLBOARD” LIGHTS 


Make Crowded Panels 
More Meaningful 


Too often the significance of tiny con- 
ventional indicator lights is hard to 
determine at first glance—especially 
if many are used on one panel. With 
Hetherington Placard Lights, vital 
control information can be read di- 
rectly in terms of symbols, digits, ab- 
breviations, words, or entire phrases 
engraved on plastic lenses. Two mini- 
ature AN3140 lamps boldly illuminate 
the lettering, thus avoiding delay or 
errors of interpretation. 

In spite of their large (1-3/8” x 
9/16”) lenses, over 40 Placard Lights 
fit comfortably in a 9 x 5” area thus 
simplifying many annunciator-type 
panels where lights are _ closely 
grouped. For details, write for Data 
Sheet L-3. 


Write in No. 101 on Reader Service Card 


& "0'' RING AT BASE OF LENS 
ON INDICATOR LIGHT 


RUBBER BOOT MOLDED TO a 
HEX NUT—TOGGLE SWITCH 


RUBBER BOOT MOLDED To 
HEX NUT—PUSH BUTTON SWITCH 


4 
METAL BELLOWS 
HERMETICALLY SEALED TO 
SWITCH CASE 


INTERNAL RUBBER 
SLEEVE AROUND BUTTON 


* 139 Illinois St., El Segundo, Calif. 


“A Controls Company of America Subsidiary’ 
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Pollyanna policy 


E HOPE to eat these words, but analysis of the results of the recent Khrush- 
chev “peace” invasion indicates we’ve bought a pig in a poke. 

The President himself unwittingly confirmed this concluson. Asked whether 
he felt the conditions he had set for summit talks on Berlin had been met by the 
Soviet chief, Mr. Eisenhower said: 

“I would say, for myself, this: The conditions I have set so far, so far as I am 
concerned, I mean the conversations have, so far as I am personally concerned, 
removed many of the objections I have heretofore held; but again this is a matter 
of negotiation and consultation with our allies. And, as I say, the progress that 
has been made is, I can say that we have to consider, as long as we are going to 
negotiate, that there is progress because we are not on an impasse.” 

We orbited several times about this statement, examining it on all sides. 

The only good we found is that—temporarily—the Berlin crisis is postponed. 
But clearly the President was a bit unsure of what he was saying. He just was not 
certain of the assurance he had got from Khrushchev. In fact, he had nothing tan- 
gible to show. 

The world’s most powerful and highly trained falsifier insisted that the “assur- 
ance” given the President should be verbal, not in the written communique on their 
meeting. The Berlin talks, it was thus agreed, “should not be prolonged indefinitely, 
but there could be no fixed time limit on them.” This can mean anything Khrushchev 
wants it to mean. 


ITH THIS IRONCLAD guarantee inscribed in the air of Camp David by the 

gracious Mr. Khrushchev, our defense program took another nosedive. More 
cutbacks, cancellations, and cheese paring took place and will take place on the 
strength of the new era of “good will.” 

So much for the political background. Now take a look at the state of our tech- 
nological “race” with the Soviets in space flight and missiles. 

Dr. Wernher von Braun—after the first Red moon shot—said not only are we 
not spending enough on space flight, but at the present rate of progress it will take 
us three years to catch up if the Reds stand still. (Obviously they are not.) 

Dr. Arthur R. Kantrowitz, director of Avco’s Research Laboratories, called 
on the Administration to take “the space competition more seriously instead of 
disavowing that we are in competition.” eas 

Dr. Charles S. Draper, head of MIT’s Department of Aeronautics & Astronautics, 
believes we are “running second” to the Soviets because of what he called official 
“hassles.” 

Meanwhile the crucial missile gap yawns wider. According to present goals, by 
1963 the U-S. will have the 130 ICBMs as against a Soviet “capability” of 1500. 

Such is the measure of the President’s pollyanna policy. 


Randolph Hawthorne, Editor 


bey with new | 
Sundstrand jet starter 


Extensive proof testing has been 
completed with new Sundstrand 
three-way starters, using: 


1 Solid propellant cartridges 
2 Cross bleed 


3 Low pressure ground cart 


Weighing less than 55 pounds, the 
starteris an extremely simple, com- 
pact unit. High reliability is as- 
sured by absence of complicated 
pneumatic valving and speed 
governing devices. Turbine speed 
is limited by inherent aerodynamic 
braking. Safe, consistent cartridge 
performance is maintained over 
extreme ambient conditions bya 
simple pressure limiting control. 
Pneumatic starts can be accom- 


plished with pressures from 40 to 
200 psia. : 


Developed as an answer to the 
§ UJ N D STR A N D AV alert concept, this starter is ap- 
DIVISION OF SUNDSTRAND CORPORATION sled pre ole: cb multe 
engine turbine-powered aircraft. 
ROCKFORD, ILLINOIS 


District Offices in: Arlington, Texas; Hawthorne, California; Rockford, Illinois; 
Dayton, Ohio; Segttle, Washington; Stamford, Connecticut; Washington, D.C, 
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washington briefing 


by A. N. Wecksler, Washington Bureau Chief 


AF pushes “mixed weapon concept’”’ 


WITH MISSILES entrenched in 
the world’s arsenal of war, the 
question logically arises as to 
the position of manned weapons 
in both offense and defense. 
The Air Force answer is the 
“mixed weapons concept,”’ 
which simply means that AF 
strategy employs both manned 
and unmanned weapons. The 
mix may change. The trend is 
toward more missiles—cheap- 
er, expendable, and more ver- 
satile. In manned aircraft, the 
trend is toward fewer weapons 
—higger, faster, longer range, 
and capable of performing dif- 
ferent kinds of missions. 


In both manned and un- 
manned weapons, the cost of 
development and production is 
so great that all the services are 
being forced into hard choices 
between weapons which they 
feel they need more urgently. 


This need to choose dictated 
the Air Force decision to go 
ahead with the development of 
a Mach 3 B-70 bomber—and 
to drop the F-108 fighter. 

In making the choice be- 
tween the B-70 and the F-108, 
the Air Force revealed much of 
its thinking behind the mixed 
weapons concept. 

A great point has been made 
in public discussion that the 
manned weapon provides a 
period of decision—that bomb- 
ers can be dispatched on a 
mission at the instant when 
there is an alarm, and still be 
recalled if the alarm turns out 
to be in error. 

This obviously has public ap- 
peal, but from a military point 
of view, there are two charac- 
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teristics of a manned aircraft 
which supersede in importance 
even these qualities: 

e@ The manned weapon is 
immensely more accurate. 

e@ The manned weapon can 
deliver much greater force. 

It is true that the missile 
can destroy a manned weapon 
while it is on the ground, but 
once in the air a manned weap- 
on has a good chance of sur- 
vival to deliver its bomb load. 

Here is how the Air Force 
anticipates using the mixed 
weapons at its command: As- 
suming an attack on us with 
missiles, the immediate retalia- 
tion would be with our missiles. 
The exchange of missile bar- 
rages would destroy large areas 
——and in the destruction, com- 
munication facilities would be 
major targets. 

The destruction of communi- 
cation facilities would disrupt 
the air defense of both sides. 
The Air Force position is that 
communications are the most 
vulnerable sector of our mili- 
tary position. Missiles with a 
circular error probability (CEP) 
of two miles would not be effec- 
tive in singling out specific tar- 
gets, but they would knock out 
a large part of the communica- 
tions network in the target area. 


With communications dis- 
abled, the air defense network 
—both missiles and fighter air- 
craft—would become less ef- 
fective. At this point, the 
manned bomber would be able 
to pinpoint targets. 


While the CEP of ballistics 
missiles is now measured in 


miles, the CEP of bombers is 
measured in feet. Air Force 
thinking concedes that to go in 
with manned weapons against 
targets with intact air defense 
would result in a high casualty 
rate. 

The preferred tactics would 
be to keep the bomber strength 
protected in hardened bases or 
aloft until the air defenses had 
been breached. 


The Air Force view is that 
missiles now are limited be- 
cause of insufficient accuracy, 
and that manned weapons alone 
can now make up this deficit. 


To the degree that missiles 
can be developed with more 
accuracy, they could assume a 
larger role in our planning. 

The Air Force thinking con- 
cedes that satellites might be 
developed that would release a 
warhead over a target on com- 
mand from a ground control 
post. But this kind of sophisti- 
cation, says the Air Force, is 
costly day-dreaming—with the 
cost of a satellite running as 
high as $50 million, the addi- 
tion of a big payload would run 
such a weapon far out of reach. 

The Air Force’s mixed weap- 
on concept is much more prac- 
tical. When queried whether 
this concept has the backing of 
the Department of Defense, an 
Air Force spokesman pointed 
out that DOD has little choice. 
Our present superiority over 
the Soviets is only derived from 
manned weapons — they out- 
class us in missiles, and so our 
only present safety lies in mixed 
weapons. 


SILICONE NEWS from Dow Corning 


In Any Climate, Flexibility 


Seals Fairchild F-2'7 
Doors at -50 F 


Fairchild’s new F-27 propjet brings back the days of the versatile, multi- 
purpose transport. And one of the reasons this plane can fly anywhere, 
sit overnight on icy Alaskan runways, and carry a “flexible” payload is 
Silastic®, the Dow Corning silicone rubber. 


This sounds like a lot to ascribe to a door seal, but it does play a really 
important part. The F-27B’s for Northern Consolidated Airlines must be 
ready: to roll in Tic O Roe F ground UNTO TGS Their passenger doors 
: < - and big cargo doors need 
Silastic seals Pheones Silastic 
stays rubbery down to —130 


to load either passengers or cargo, it will 
come shut again on a reliable seal that 
or up to 500F. With an keeps its original properties and holds 
the cabin pressure. 


organic rubber seal, 


doors wouldn’t open and This is typical of the many applications 
close at —-50. Silastic also of Silastic in transports, helicopters, mili- 
resists equatorial weather, tary aircraft and other types of planes .. . 
and springs back to shape missiles, too. Your rubber fabricator can 
after being compressed under engineer a part made of Silastic to your 
load. So when the door opens specifications. Or write Dept. 0723. 


If you consider all the 

properties of a silicone rubber, you'll 
specify Silastic. 

Dow Corning CORPORATION 
MIDLAND. MICHIGAN 

ATLANTA BOSTON CHICAGO CLEVELAND DALLAS LOS ANGELES NEW YORK 
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Services will 
always need 
manned aircraft 


A LTHOUGH the Air Force has decided to cancel 
the F-108 interceptor because of a shortage of funds, 
there are still many proponents of the manned air- 
craft. One of these, for obvious reasons, is Ray- 
mond H. Rice, vice president of North American 
Aviation and general manager of the company’s 
Los Angeles Division. 

Rice is convinced that the Strategic Air Com- 
mand will always have a use for manned bombers 
(like the B-70) to go with its ballistic missiles. He 
is equally certain that the Air Defense and Tac- 
tical Air Commands will find a requirement for 
fighters of the F-108-type. 

To Rice, the manned bomber firing an_air- 
launched ballistic missile is essential to strategic 
warfare. “The bomber,” he says, “can pinpoint a 
target much better than a ballistic missile and hit 
it with much greater accuracy. Manned aircraft can 
observe enemy territory much better than reconnais- 
sance drones or missiles.” 

Of the manned fighter, Rice believes it has much 
greater range than any interceptor missile. “A 
manned interceptor,” he declares, “has much 
greater search capability than any missile and needs 
much less coordination with ground stations. Even 
if Sage or the Dew Line were eliminated, a Mach 3 
fighter could still operate, although perhaps not quite 
as effectively.” 

The NAA official takes issue with Pravda’s con- 
tention that the USAF’s cutback on the boron fuel 
program spells the end of the B-70 program. “In 
the first place,” he declares, “the research program 
on boron fuels is continuing. Furthermore, the B-70 
is a fine weapon system that will go all the way to 
the target at Mach 3 speeds on its conventional 
turbojet engines. The boron was only an item to 


improve the airplane’s range.” 
Rice insists he doesn’t want to deprecate the 
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" industry viewpoint 


by Robert M. Loebelson, Associate Editor 


RAYMOND H. RICE, North American Aviation, Inc., vice 
president and general manager, Los Angeles Div. 


importance of guided missiles in future aerospace 
operations. “But,” he points out, “the manned air- 
craft flying at Mach 3 will be a vast improvement 
over present bombers—it will shorten our reaction 
time, add to our mission capability, and keep crews 
airborne for shorter periods. It will also be a much 
more difficult vehicle for the enemy to intercept.” 

The NAA y-p concedes that missiles have come 
far enough along so that even Mach 3 aircraft can 
be knocked out by surface-to-air birds. “But that 
is where tactics will have to come into play. And 
the pilot of the Mach 3 bomber will be capable 
of taking better evasive action than a missile.” 

Rice also makes the point that our respect for 
Russia’s ability to attack or retaliate is increasing 
and suggests that manned aircraft may provide 
greater flexibility. “Our greatest concern now,” he 
points out, “is the local or limited war, rather than 
the all-out conflict. For operations of this type, the 
manned airplane—which has man’s plus in accu- 
racy—may well be a better solution than guided 


missiles.” 
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Over 10,000,000 
arming devices — 
delivered... 

by 

Bulova 


tie 


Bulova—from conception to production—sets standards in reliability 


: 


Bulova fuzes, safety and arming devices, timers and firing switches are designed 
and manufactured to the maximum degree of reliability. 


Bulova’s teams of electro-mechanical engineers are skilled in feasibility studies and 
analysis of parameters which lead to hardware meeting the most exacting safing and 
arming requirements, 


Experience in precision design and manufacture is the Bulova tradition—the Bulova 
capability—it has been for over 80 years. For more information write— 


Industrial & Defense Sales, 62-10 Woodside Avenue, Woodside UGNGYs 
Write in No. 10 on Reader Service Card at start of Product Preview Section 
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Still more cutbacks 
in the offing as DOD works 
on ‘61 budget 


MONEY PROBLEMS continue to plague the 
Defense Department’s planners as budget time 
for fiscal ’61 nears. Despite all the cancellations 
and cutbacks of the last few months (P6M, 
F-108, boron fuels, etc.), it looks as though 
still more reductions will have to be attempted 
—even though cancellations often result in only 
small savings because of contract termination 
costs. 

Air Force Secretary James H. Douglas predicts 
stable USAF expenditures for the next two years, 
citing reduced spending for fiscal ’60, whose 
level is to be roughly maintained in fiscal 61. 

But Lt. Gen. Mark E. Bradley, Jr., AF’s 
Deputy Chief of Staff for Materiel, is warning 
contractors. While *59 was a rough year for 
procurement, *60 will be even rougher, and it 
is difficult to predict what will happen beyond,” 
he says. He points out the AF’s $7.9 billion for 
°60 sounds like a lot but adds, “the big missile 
program obviously takes sizable proportions of 
our budget programs. The aircraft program does 
not get the amount it formerly received.” 

e 
NOT ENOUGH money is being allocated to 
R&D by the military services, the House Space 
Committee believes. “In view of today’s swift 
scientific pace,” the House group declares, R&D 
money seems clearly inadequate. This is the case, 
apparently, at all levels of military government.” 

Highly interesting in a period when budgets 
are being held down is the Committee’s lack of 
concern about duplication in R&D, especially in 
the space program. The Committee believes such 
duplication in the early stages of astronautic 
development is “by no means unwarranted but 

. in fact essential in many cases.” 


Army opposes possibility of 
cuts in TAC strength 


DOD’S BELT-TIGHTENING is causing more 
than the normal wrangling over how much money 
each service should get. The Army and Air 
Force, for example, are embroiled in a big hassle 
over proposed cutbacks in the USAF’s Tatical 
Air Command. 

The Air Force, of course, would not like to 
reduce TAC. But if its fiscal ’61 money is to be 
reduced or kept on a par with ’60’s, it will be 
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used to keep the Strategic and Air Defense 
Commands as potent as possible—at TAC’s 
expense, if necessary. 

The Army, which depends on TAC’s fighter- 
bombers and Matador and Mace missiles to 
protect ground troops, is opposing the proposed 
USAF action. So it may well end up proposing 
increases in the USAF’s budget for TAC. Or it 
may make good on its past threats to campaign 
for full control over its own tactical airplanes 
and missiles. 


THE DOD PLANNERS’ headaches over the 
61 budget are being aggravated by what ARPA 
Director Roy W. Johnson calls “too much sales- 
manship” on the part of industrial contractors. 
Johnson asserts that industry is pushing military 
systems that “offer rather more to profit than to 
national security.” Pointing out that the DOD 
budget “must remain close” to ’60’s $41 billion 
for the foreseeable future, he urges industry to 
help government “find the best weapon for 
operational use.” 


BuNavWeap to get 40% of all 
future Navy money, 
70% of Navy R&D 


THE NEWLY FORMED Bureau of Naval 
Weapons, headed by Rear Adm. Paul D. 
Stroop, will get about 40 per cent of all future 
Navy appropriation. Created by the merger of 
BuAer and BuOrd, it will also account for about 
70 per cent of the Navy’s total R&D budget. 

BuNavWeap, Navy Officials believe will have 
at least four major advantages over the former 
two separate bureaus: 

e Nearly two-thirds of all the technological 
work of the Navy will be under one authority. 

e Most areas of divided responsibility, which 
occasionally caused overlapping and duplication 
in the past, will be eliminated. 

e Funding and contracting for major weapon 
systems will be simplified. 

e Field facilities and labs will work together 
more effectively under a single command. 

® 

THE NAVY’S AND USAP’S cutbacks in August 
appeared to kill off the boron-fuel program. 
However, it now seems the exotic fuel may still 
find applications in missiles—and perhaps even 
in aircraft. 

Callery Chemical’s five-ton Navy plant at Mus- 
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kogee, Okla., has been placed on a “hot standby 
basis.” It will undoubtedly be used if boron output 
on a large scale is revived. Olin Mathieson’s eight- 
ton facility at Lewiston, N. Y., will continue to 
turn out some boron compounds this year, to be 
used at least for R&D. There are no plans for use 
of the USAF-owned Olin Mathieson five-ton plant 
at Model City, N. Y. 


Congress committee 
wants to shift A-plane from 
DOD to AEC 


THE CONTINUING battle between some 
Pentagon echelons and some _ Congressional 
groups over the aircraft nuclear propulsion 
(ANP) program grew hotter yet when the Joint 
Congressional Atomic Energy Committee urged 
that AEC be given full control of the program. 
Dr. Herbert F. York, DOD Director of Research 
& Engineering, countered by creating a high- 
level Pentagon group to coordinate the program 
and resolve differences between the Navy and 
USAF over the type of A-plane to be developed. 

York picked Dr. Joseph V. Charyk, Assistant 
AF Secretary for R&D, to head the committee, 
which will evaluate progress in the ANP effort 
as well as attempts to put nuclear engines in 
existing airframes. 


DOD AND AEC now share the responsibility 
for the ANP program, which is funded at the 
rate of $150 million a year. About $1. billion 
has been spent on the project since ’46. There’s 
no indication an A-plane will be in the air within 
the next two or three years. 

The Navy is pushing for the development of a 
slow atomic seaplane, to be used mainly for 
observation. USAF, which originally wanted a 
Supersonic bomber, now favors the development 
of a “Camal (Continuous air alert, missile launch, 
and low level penetration) aircraft. 


THE CONGRESSIONAL Committee’s argu- 
ment for placing the ANP program under AEC 
is that DOD has no “general operating require- 
ment” for an A-plane and its effort is primarily 
in R&D. The Committee maintains AEC is fully 
able to carry the ANP program through the 
flight feasibility and demonstration Stage and then 
turn it back to DOD. 

Under the Committee’s proposal, DOD and 
AEC would continue to cooperate but primary 
emphasis would be placed on “a groundtest 
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prototype propulsion system and Lits] flight 
testing . . . in an experimental aircraft.’ 
Despite the recommendation, indications are 
that the ANP program will continue to be funded 
at the $150 million level for fiscal ’61, with 
DOD and AEC sharing the responsibility for it. 


e 
WHEN DOD assigned control over space projects 
to USAF and took ARPA out of the space 
business, the Army Ballistic Missile Agency came 
up for grabs. The Von Braun operation at 
Huntsville, Ala., now is involved primarily with 
the Martin Pershing IRBM and the 1,500,000-Ib 
thrust Saturn booster. DOD, which obviously 
intends that AF should operate Saturn, is about 
to decide how Saturn will be funded in the future. 

DOD could let the Army continue to fund 
Saturn and then turn the booster over to USAF 
for operational use. This would follow the 
Jupiter precedent. 

Another possibility is to have AF take over 
the Saturn funding. Still a third is for DOD to 
turn the Huntsville activity over to NASA, just as 
NASA Administrator T. Keith Glennan proposed 
a year ago (with tacit DOD support). 


Air Force and NASA are the 
only two groups 
to which ABMA can go 


ABMA NOW can go only one of two ways 
—USAF or NASA. The Army, Navy, and ARPA 
all are out of the booster business—the two 
services are assigned only payload work on cer- 
tain satellites, and ARPA in the future is to work 
on “advanced missile defense, solid propellant 
research, materials, and such other projects as 
the Secretary of Defense may decide.” 

After getting its nose bloodied last year, 
NASA apparently has no intention of making a 
pitch to take over the Huntsville operation. On 
the other hand, it is not known how USAF feels 
about taking over ABMA. 


UNDER THE DOD EDICT giving USAF con- 
trol of all military space missions, two satellites 
were given to USAF, one to the Navy, and one 
to the Army. All were previously assigned to 
ARPA. 

USAF now controls Midas, the ballistic missile 
early warning satellite, and Samos, the recon 
vehicle formerly known as Sentry. The Navy 
takes over the Transit navigation satellite, and 
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From New Departure’s R&D 
Laboratories come bearing 
designs which function 
outstandingly underdamag- 
ing effects of cold liquid 
fuels . . . still other N/D 
bearings perform perfectly 
in hot turbine positions. 


CASE 111'STORIES 


"N= Precision Boll Beorings 
Helo Steady The Heart Of The X-/5/ 


In the heart of this piloted space prober, a volatile 
mixture of liquid fuel is channeled at 10,000 
pounds per minute into rocket thrust, through a 
unique throttle of the main fuel system. Within 
this cryogenic system, New Departure corrosion 
resistant ball bearings hold their geometry to 
within the most exacting specifications . . . giving 
support to a pair of the metering system’s valves, 
assuring virtually torqueless, millisecond response. 

In other X-15 applications, New Departure ball 
bearings supply this same critical reliability. New 
Departures are used in high temperature turbine 
shaft positions of two vitally important auxiliary 


SB pressorecoemeroectan 
ELE 


BALL & 


power units. These APU’s supply the entire electric 
and hydraulic power required for operating 
instruments, communication equipment, landing 
gear, flaps, accessories, and flight controls. 

The X-15 was developed by North American 
Aviation for the USAF, US Navy and NASA for 
research in the field of hypersonic flight. The same 
N/D engineering and manufacturing skills applied 
to solving hot and cold ball bearing problems of 
this first manned advanced research vehicle, are 
ready for your rocket or missile project right now! 
Call or write New Departure Division, General 
Motors Corporation, Bristol, Connecticut. 


ge 


a 


ARINGS 


proved reliability you can build ground 
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the Army has been given jurisdiction over Notus, 
the communications satellite family that includes 
Courier. 


TWO CONVAIR DIVISIONS, San Diego and 
Ft. Worth, are hopeful that USAF’s economy 
decision to eliminate the F-108 Mach 3 inter- 
ceptor will mean more business for them. High 
USAF echelons in the AF directorate are still 
convinced the manned interceptor has a greater 
potential in some areas than surface-to-air missiles 
—so Convair-San Diego is hoping for new 
follow-on orders for the Mach 2 + F-106. 

The F-106 has neither the speed (200 mph) 
nor the range (1000 miles) of the F-108. But it 
is in production and can do a large part of the 
job planned for the F-108 at greatly reduced 
cost, company officials believe. 


New B-58 version 
for interception and 
tactical missions proposed 
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CONVAIR-FT. WORTH, on the other hand, is 
promoting a modified version of the B-58 for 
interception and tactical missions. It is proposing 
the use of two 30,000-lb thrust PRWA J58s 
instead of the four GE J79s on the bomber 
version. 

With the substitute engines, an interceptor B-58 
would have the F-108’s range and altitude and 
fly at about Mach 2.5. The modified version of 
the B-58 will also be suitable for TAC (just as 
NAA considered the F-108 suitable for TAC as 
well as ADC). 


CHANCE VOUGHT got a $9.5 million Navy 
contract to modernize 164 F8U-1 Crusaders, 
including 17 F8U-1P photoplanes. CV is already 
modernizing 103 other F8U-1’s under a previous 
contract. 


LOCKHEED won a $67.8 million Navy award 
to build P3V-1 turboprop anti-sub aircraft. The 
Land-based P3V-1, developed from the Electra, 
will use four Allison T56s. 


MCDONNELL got $137.6 million worth of Navy 
contracts to produce the F4H all-weather fighter. 
The F4H was picked over the CV F8U-3 in a 
competition. 


LOCKHEED will continue producing P2V-7 
Neptunes under a $19.1 million Navy award 
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covering 26 planes. Output of the patrol plane 
will now continue into ’61. 


WESTINGHOUSE will produce the J34-WE-48 
turbojet through August ’61 under an $11.4 
million Navy award. The engine is used on 
NAA’s T2J trainer. 

Westinghouse also received a $4.8 million Navy 
contract covering an engineering development 
program on turbojets. 


ARMY GAVE Western Electric $188.2 million 
in R&D contracts for the Nike-Zeus anti-missile 
missile. These funds will also cover studies by 
Bell Telephone Labs, Douglas Aircraft, and 
Sperry-Rand. 

WE also got a $11 million Army award on 
the Nike-Hercules. 


NAVY’S MISSILEER competition for a subsonic 
aircraft to launch the Bendix-Grumman Eagle 
missile is to be decided by about March. Specs 
for the plane are now going out to interested 
firms. 


DYNA-SOAR may have to be shelved by USAF 
because of a fund shortage. There is still no 
decision on the winner between the Boeing and 
Martin teams. 


Orders for Minuteman 
to be cut back sharply to 
about 800 missiles 


PLANS for the Boeing Minuteman solid ICBM 
are changing. Orders for more than 2000 Minute- 
men will be reduced sharply to perhaps about 
800. Cost may be brought down to $1 million a 
copy. And most of the missiles may be deployed 
on railroad cars and trucks rather than in hard- 
ened sites. 

The first test vehicle was successfully fired 
from a silo at Edwards AFB, Calif. The bird is 
due to become operational early in 63. 


USAF PUT a system development requirement 
on Slam, a nuclear-ramjet-powered supersonic 
low altitude missile. DOD has not yet granted 
the go-ahead on development of Slam for SAC. 

Slam is an outgrowth of AEC-Marquardt 
research on Project Pluto, a nuclear ramjet 
engine. Feasibility studies on Slam have been 


completed by Chance Vought, North American, . 
and Convair. 
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Space Technology Laboratories new corporate symbol represents a bright history in a stimulating age. StL has 
provided the over-all systems engineering and technical direction for the Air Force Ballistic Missile Program since it 
was assigned the highest national priority in 1954. Five years of accelerated effort produced epic advances in science 
and technology, and propelled the art of missilery through three distinct generations of progress. STL contributed 
technical leadership to the science/government/industry team which has built this solid, expandable foundation 
for future advances in space, and is daily adding new strength to our national security. * In addition to its major 


management functions,STL also conducts advanced space probe experiments for the Air Force at the direction of 


such agencies as NASA and ARPA. * To those scientists and engineers gp with capabilities in propulsion, electronics, 
thermodynamics, aerodynamics, structures, astrophysics, computer § technology, and other related fields and 
disciplines, STL now offers unique professional opportunities. Inquiries gy regarding staff positions at StL are invited. 


a new symbol 
for a new era of 


technology 


Space Technology, Laboratories, Inc. p.o.sox 95004, LOS ANGELES 45, CALIFORNIA 


Check Employment Inquiry Form on page 217 
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ALBM fired at satellite rose 
to 160 miles, covered 
1000-mile ground distance 


BALLISTIC MISSILE fired from a B-47 last 
month landed about 1000 miles from its launch 
point. At launch the B-47 was at about 35,000 
ft altitude. The missile was guided close to the 
Explorer VI paddlewheel satellite’s trajectory, 
some 160 miles above the earth’s surface. 

Purpose of the test of the air-launched ballistic 
missile (ALBM) was to prove out missile op- 
eration and check guidance accuracy. Telemetry 
signals and optical and ground radar tracking 
were used to record the trajectory. The missile 
released flares at irregular intervals to aid op- 
tical tracking. It also released flares as it came 
closest to the satellite. 


THE TWO-STAGE ALBM was about 37 ft long. 
It was separated from the B-47 for launching be- 
fore its first stage ignited. As soon as thrust was 
applied, it pulled up into a near-vertical position 
to leave the atmosphere. 


New satellite 
spinning at 450 rpm in orbit 


EXPLORER VII SATELLITE weighs 91.5 Ib. 
About 70 lb is accounted for by instrumentation 
and power. It was spun up to about 450 rpm to 
produce a gyroscopic stabilizing effect while in 
orbit. Instruments are relaying data back to earth 
on radiation balance between space and earth, in- 
tensity of solar X-rays and ultraviolet rays, in- 
tensity of heavy cosmic rays, makeup of the 
radiation belts, composition of the ionosphere, 
micrometeorite densities, and erosion of unpro- 
tected solar cells. 


SOVIET MOON-GO-ROUND # satellite is be- 
having just as predicted, say the Russians. Little 
design data has been disclosed so far except that 
the satellite weighs 613 lb and contains an internal 
pressure control system, a temperature control 
system to maintain limits of 25 and 30 deg C, 
two radio transmitters, and solar and chemical 
batteries. 

All the equipment is reported to be operating 
to the Russians’ satisfaction. Power of the radio 
transmitters was estimated by English scientists to 
be between five and 20 W. 
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LUNIK III was diverted by the moon’s gravita- 
tional force to follow a trajectory back to earth. 
The Russians say their satellite will orbit around 
the earth about twice a month for several years 
—unless, of course, there’s a destructive collision 
with meteorites. 
e 

NUCLEAR RAMIJET progressed from the study 
phase to full-fledged development status. Prelimi- 
nary research has been carried on for several 
years under Project Pluto. Now the Air Force 
has ordered a development engine for possible 
use in missile and aircraft weapon systems within 
the next five years. If successful, a nuclear ram- 
jet could become operational in the late sixties. 


Drag brakes overcome 
solid motor burning problems 


DRAG BRAKES are used to control the range 
accuracy of the Sergeant missile. Jet Propulsion 
Labs hit on this technique as a solution to the 
problem of variations in the burning time of 
solid propellant motors. 

The drag brakes are in the form of fins, or 
vanes, that extend and retract from the body of 
the missile during flight. They are actuated auto- 
matically at precisely computed moments to cor- 
rect the path of the missile on its way to the tar- 
get. By slowing down the missile and adjusting its 
trajectory, the brakes can compensate for any 
variation in burning time. 

e 
CHUTE SOUNDING ROCKET design concept 
developed by Convair-Pomona has been checked 
out in a number of full-scale and sub-caliber test 
firings. The sounding rocket is less than eight feet 
long. It is fired from a launch tube hanging from 
three parachutes. 

The tube is dropped from a carrier plane at 
about 20,000 ft altitude. A drag chute slows 
down the descent while a cluster of three larger 
stabilization chutes spread out overhead in clover- 
leaf fashion. 


TWENTY SECONDS after its release from the 
plane, the launch system is fully stabilized. The 
rocketsonde fires straight up out of the tube, 
passing between the chutes. In six more seconds, 
the rocket is moving at Mach 4. Eventually it 
coasts to an altitude of about 200,000 ft, at which 
time instrumented nose section is released for a 
slow parachute descent to earth. 
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On the way down, the instruments take read- 
ings of temperature, pressure, humidity, and 
ozone content of the air every two seconds and 
transmit the data back to the launching aircraft. 
This info is then immediately relayed to weather 
forecasting stations and ballistic message units. 


ITS 3A VERSION of the Britannic freighter is 
lighter than our C-133 but has the same hold 
capacity, according to Short Brothers & Harland. 
The 3A differs from the earlier version, an- 
nounced some months ago, in its larger wing 
span, provision for more highly developed power- 
plants, and an increased grossweight. 


BLUE STREAK IRBM can be carried aboard 
the Britannic 3A if the plane’s upper rear loading 
door is removed—a change that reportedly can 
be made quite quickly. The 3A can also carry 
Thor, Jupiter, Corporal, Minuteman, Bomarc, 
Thunderbird, and Bloodhound missiles. 


Method sought for 
rolling 36x96-in. columbium 
alloy sheet 


ROLLING PROCESS for columbium alloy sheet 
is being developed by Crucible Steel under an 
AMC Aeronautical Systems Center contract. 
Crucible is to come up with a method for pro- 
ducing 36x96-in. columbium alloy sheets. The 
defect-free, highly formable, flat-rolled sheets are 
to have an ultimate tensile strength of 100,000 
psi, a yield strength of 80,000 psi, and a flatness 
of three per cent. It will take about two years, 
according to AMC, before the program’s final 
results are in. 

The initial phase of the program, says Cruci- 
ble, will include the evaluation of ingots produced 
by powder metallurgy furnace sintering and are 
casting and establishing the development of meth- 
ods for casting ingots, and of a control and test 
system, and of plans for the best rolling tech- 
nique for sheets with thicknesses of 0.02, 0.04, 
and 0.063 in. Crucible will also recommend the 
most promising alloys with high strength proper- 
ties between 2000 and 2600 deg F. The final al- 
loy selection will be made by WADC’s Materials 
Lab. 

e 
PHOTOS FROM the Explorer VI paddlewheel 
satellite were taken by a two-pound scanning de- 
vice developed by Space Technology Labs. The 
one picture taken from Explorer VI that was re- 
leased is quite crude and meant nothing to many 


photo recon veterans with World War II experi- 
ence. But space scientists say the picture is suf- 
ficiently detailed to show cloud formations. Pub- 
lished maps of the photographed area were coded 
to show 100 per cent cloud cover, broken clouds, 
and generally cloud-free regions. , 

The Explorer VI camera contained a mirror 
that received and focused light and dark impres- 
sions for recording in the form of coded lectric 
impulses. These were converted into radio signals 
for transmission to the earth, where they were 
received as a series of dots. The dots formed 
lines, and these then formed the picture. 


New, 300-mile-thick 
radiation belt discovered by 
Explorer VI satellite 


THIRD RADIATION BELT was discovered by 
Explorer VI. It contains protons with energies of 
at least 75,000,000 ev. Scientists believed these 
protons are produced by atomic disintegration 
and decay of cosmic rays. According to pre 
liminary data, the belt is some 300 miles thick 
and is centered around the geomagnetic equator 
about 1200 miles above the earth. 

e 
AIR-CUSHION cargo ship is being built by 
Spacetronics, of Washington, D.C. Its hull is made 
of aluminum extrusions and sheet (supplied by 
Alcoa and packed with styrofoam to provide 
buoyancy and strength). 

Spacetronics’ design has the shape of a tear 
drop. It is 32 ft long and about 24 ft across at its 
widest point. The hull is two feet high. A hori- 
zontally rotating prop in the bow will deliver a 
continuous flow of air pressurized to just a few 
ounces per square inch. This is enough pressure, 
the company says, to lift the ship about two feet 
off the surface of the water. 


PROPULSION for the air cushion ship will be 
provided by aft-mounted fans. Speeds up to 50 
mph and possibly more are expected. According 
to Spacetronics, the air cushion will not kick up a 
thick spray during operation. 


TREND IN SERVO component development is 
toward nuclear-resistant operation—which means 
high temperature operation too. Norden-Ketay 
recently developed a number of 300-deg C units 
for Systems Research Labs. of Dayton, Ohio. 
more on page 32 
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Now Norden-Ketay engineers are talking in terms 
of uncooled 500-deg C operation in the very 
near future. 


Norden-Ketay’s high temperature contract 
called for the development of a synchro, a servo 
motor, and a potentiometer that would be able 
to operate in a nuclear radiation environment 
from —65 to +300 deg C. The worst design 
problems were: finding radiation-resistant ma- 
terials with compatible coefficients of expansion; 
making the electric connections; and matching 
the junction materials so as to avoid a thermo- 
couple effect. 


SIZE 15 nuclear-resistant potentiometer devel- 
oped by Norden-Ketay is supposed to operate for 
100 hours while exposed to 101 neutrons and 
10!8 gamma rays per cm?/sec. It has 10 K re- 
sistance, a 330-deg electric angle of operation, 
and 0.25 per cent linearity. 


EXPANDED materials research facilities are 
needed for high temperature nuclear component 
development work, says Norden-Ketay. Such fa- 
cilities must be able not only to evaluate manu- 
facturers’ claims but also to come up with new 
material combinations. 

Norden-Ketay admits to working on 500- and 
600-deg C component development programs. 
The new ovens it bought recently can go up to 
1000 deg C. 


Solar, nuclear 
or chemical energy to be used 
by Allison engine 
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SATELLITE combustion engine that can use 
solar, nuclear, or chemical energy is being de- 
veloped by Allison under an agreement with 
Philips Gloeilampenfabrieken, of Holland, and 
North American Philips Co. According to Alli- 
son engineers, the powerplant will be able to 
operate unattended for at least two years. 

A lab model of the powerplant already has 
been operated successfully on solar radiant en- 
ergy. With one cubic inch displacement, the en- 
gine can produce 1% hp with an efficiency of 
around 40 percent. 


A CLOSED-CYCLE TYPE, the engine under 
development at Allison consists of a displacement 
transfer piston and a work piston that recip- 
rocate in a single cylinder. The cycle begins with 
the application of external heat, produced by 


any of a variety of combustible gases or organic 
materials or by harnessing the sun’s energy. A 
special 20-ft-diameter Fresnel lens is needed, if 
solar energy is the source. It concentrates the 
sun’s rays and focuses the energy on a “window” 
in the engine’s heat trap. 

Rapid expansion and cooling of air, helium, or 
hydrogen sealed in the engine energizes the pis- 
tons. The engine operates at a constant speed of 
about 3600 rpm while driving two 12,000-rpm 
alternators. Its electric output is large enough to 
power Satellite instruments. 


CS drive stands up to 200 hr 
under radiation 


TWENTY-KVA HYDRAULIC constant-speed 
drive made by GE’s Aircraft Accessory Turbine 
Dept. has successfully completed a 200-hr test in 
a radiation environment. The test was run as 
part of GE’s aircraft nuclear powerplant develop- 
ment program. 

The drive performed satisfactorily and main- 
tained close frequency control under various load 
conditions, says GE. It is a model of the unit 
used on the McDonnell F4H. Tungsten carbide 
cylinder liners have been substituted for the con- 
ventional liners and radiation-resistant seals sub- 
stituted for all organic sealing materials. 


e 
FIRST POWERED X-15 flight lasted 10 min- 
utes. The plane was released at 38,000 ft and 
went through a series of minor control maneuvers 
before landing at over 200 mph. The two 6000- 
lb thrust engines used for this flight will eventually 
be replaced by 50,000-lb thrust XLR-99s. 


“BACKPACK” study underway at Aerojet-Gen- 
eral for the Army will explore the feasibility of 
using small rocket lift devices to power combat 
troops on special missions. The broad seven- 
month study program will cover dynamic stabil- 
ity, propellant energy sources, and a system 
analysis to determine the best configuration for 
different missions. 

The system analysis will deal with the rockets’ 
size, weight, location and number of nozzles, 
flight controls, and thrust as well as with human 
response and reaction time and safety. The dy- 
namic analysis will determine flight durations and 
maximum speeds and accelerations. The effects 
of wind gusts, loss of stability, in-flight rocket 
malfunction, and other disturbing phenomena 
also will be considered. 


more on page 34 
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The T2J has “THE DUTY” 


Fifteen years ago, a pilot was trained to fly the top 
performance plane of the day —360 mph. 

Today he must be trained in the same time-span to 
nandle airplanes four times faster than that—Mach 2 
and up. That’s why the Navy needed a new trainer... 
a jet airplane to prepare its pilots for the ever-increas- 
ing performances of the jet age. 

Now the Navy has that trainer—the T2J Buckeye... 
designed and produced to meet Navy specifications by 
the Columbus Division of North American Aviation. 

The Buckeye’s wide range of capabilities opens a new 
dimension in basic flight training. Its range of speed— 


THE COLUMBUS DIVISION OF NORTH AMERICAN AVIATION, INC. 
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for years to come 


from a stall speed of 85 mph...to maximum 500 mph 
—makes it possible to train a cadet pilot in a jet air- 
plane straight through from primary to advanced. 

And the T2J does more than fill the present require- 
ments of the Navy’s flight training program. Its 
advanced capabilities will make it the mainstay of the 
Navy jet training program for many years to come. 

Because the T2J is the only jet trainer specifically 
designed to meet the Navy’s basic training require- 
ments, it means a broader, more efficient training 
program to meet the ever-higher standards of pilot 
proficiency demanded by the Navy. 


Columbus, Ohio 


to train the Navy’s jet-age pilots 
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OPERATIONAL UNDERGROUND launching 
system for the Titan ICBM is being produced by 
American Machine & Foundry. The company 
will build, install, and test the first 18 systems. 
Fuel storage, the guidance antenna, and the elec- 
tronic control centers are all underground on the 
Titan. 


HIGH TEMPERATURE core form material was 
developed by GE’s Flight Propulsion Lab, of 
Evendale, Ohio. It consists of refractory cerium 
sulfides, which make it possible to raise casting 
temperatures beyond the melting point of the 
glass and alumin-silica-magnesia Cores now in use. 

Cores of various sizes and shapes have been 
made for GE by National Carbon. Inner cores of 
sulfide on molybdenum and tungsten have also 
been produced. 

The big advantage of cerium sulfides, says GE, 
is that they have very high melting points and 
low volatility. They also have a high modulus, are 
non-wettable, show good thermal conductivity, 
and are chemically inert to metals. Nevertheless, 
they can be dissolved relatively easily by mild 
dilute acids. 


New methods of 
power transmission 
to be used in electric system 
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ADVANCED AIRCRAFT ELECTRIC system 
for BuAer is being worked on by GE’s develop- 
ment labs at Waynesboro, Va., and Erie, Pa. 
New methods of static power conversion will be 
used in the system, says GE, and will eliminate 
the need for mechanical variable-ratio transmis- 
sion. The high frequency power generated by a 
variable-speed alternator will be converted to con- 
stant-frequency 400-cycle power. 

The variable-speed alternator will be connected 
directly to the aircraft engine. The static fre- 
quency changer may be installed anywhere in the 
plane. The system output will provide constant- 
frequency, constant-voltage power to operate elec- 
tronic equipment, lighting, heating, and comfort 
loads. 


e 
GE-LYNN PROPOSED an aft-fan version of 
its J85, which will deliver 4000 Ib takeoff thrust. 
The new engine, sponsored with company funds, 
will weigh 585 lb, be 69 in. long and have SFCs 
of 0.69 lb/lb/hr. at takeoff and 0.97 at normal 
continued thrust (Mach 0.8 at 36,000 ft). 


aerospace engineering intelligence 


THE ENGINES of the two Hound Dogs carried 
by a B-52 can be started on the ground to assist in 
the plane’s takeoff, revealed Lt. Gen. Roscoe Wil- 
son, USAF Deputy Chief of Staff for Develop- 
ment. 

Wilson also disclosed that the air-launched 
Quail decoy missile is scheduled for operational 
use by SAC within the next few months. 


Materials strengthened by new 
heat treat, it’s claimed 


NEW HEAT TREAT method developed by Re- 
search Development Corp. of America, of Gar- 
dena, Calif., is claimed to revolutionize materials 
properties. Coupons of 4130, executive vice Presi- 
dent Jack Taub told SpAcE/AERONAUTICS, that 
were heat-treated by RDCA showed a UTS of 
255,000 psi and a yield strength of 241,000 psi, 
with 13 per cent elongation and 55 per cent area 
reduction. Other results cited by Taub: 4340— 
335,000 psi UTS, 312,000 psi yield, 11 per cent 
elongation, 28 per cent area reduction; Vascojet 
1000—325,000 psi UTS, 309,000 psi yield, 13.3 
per cent elongation, 37.5 per cent area reduction. 
These values, Taub pointed out, are guaranteed 
minimums. 

Parts treated by RDCA’s method include pres- 
sure vessels and control surface components. In 
one case, a 17-4PH cast aileron part about three 
inches wide and one foot long was successfully 
treated to break up free ferrites, Taub reports. 
In another case, an eight-inch diameter pressure 
vessel of AMS 6434 steel was processed to 280,- 
000 psi yield strength and 300,000 psi UTS. 


THE MAXIMUM size that RDCA can process 
at present is about 18x9x9 in. However, says 
Taub, there’s no limitation on the process. You 
could build installations to take parts, say, 100 
ft wide, at a cost no higher than that of standard 
furnace equipment, he reports. 
e 

UNIVERSAL 6solar-electric power system for 
satellites will be developed by Hoffman under a 
WADC contract. The design goals call for 100 W 
continuous power output and 500 W peak. Silicon 
solar cells similar to those used in Vanguard and 
Explorer VI will be used. The system will be 
packaged within the launch vehicle at takeoff 
and unfold in orbit. 

Hoffman says the project, for which $600,000 
has been allocated as a first installment, is mainly 


exploratory and not tied to any particular space 
system. 
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STOP NUT 


ves the design decision 


to the engineer 


Sideration is... 


... WEIGHT REDUCTION 


THIS NEW DESIGN is ESNA’s recommendation for applica- 
tions where space and weight reduction are primary needs. Meets MIL- 
N-25027; reduced wrenching dimensions permit more efficient center- 
line bolt design; wrench heights carefully engineered to assure satis- 


factory assembly line performance. Materials: carbon steel, AMS6304 
alloy steel and A286 stainless steel. 


wt in Ibs Screw Size tensile 


per1000 #4 #6 #8 #10 y,” Ke” %” rating 


Pimssze [2] 6] 13] 14] 29 | 54 | 73 | 160,000 pai 
nase7a [9 [17 [24 | 26 | 46 | 64 | 86 | 140,000psi_ 
anaes [14 [26 | 42 | $0 | 90 | 120 | 180 | 140,000psi 


... USE OF NAS 
STANDARD HARDWARE 


This complete line of low-height, lightweight NAS 679 hex nuts has been 
designed and produced to ESNA’s exacting quality standards. Qualified 
to MIL-N-25027. External-internal wrenching surfaces for easy installa- 
tion in limited access areas. Sizes 4-40 through 7/16-20. Alloy steel for 
temperatures to 550°F; A286 stainless steel for temperatures to 900°F 
and nonmagnetic applications. 


ESNA offers a complete line of ALL NAS types of self-locking nuts, in- 
cluding standard and miniature anchors, floaters and gang channels. 


.. ULTRA-HIGH TENSILE 
AND FATIGUE PERFORMANCE 


Specify types LH 3393 and LHEB 220 for the utmost in high tensile and 
fatigue-life performance. Highest strength-to-weight of any available 
double hex design. Cold-formed from alloy steels; sizes 4-28 thru 1”, 
For use at temperatures to 550°F. 


.. Other lightweight 12 point nut series are available in several ten- 
= sile capacities and materials for service at temperatures to 1300°F. 
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Dept. $36-115C, Elastic Stop Nut Corporation of America 
2330 Vauxhall Road, Union, New Jersey 
Please send me the following free fastening information: 


(J Complete dimensional and per- 
formance data of the new type 


3324 nut. standard Elastic Stop nuts. 


Name. 


Firm ee UEEEEEEEEEEREEnEEn 


Street 


City. ___20ne_State_______ 


Write in No. 14 on Reader Service Card at start of Product Preview Section 
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[] Visual Index: A complete pic- 
torial representation of all 


eee 


15 SECONDS 
AT 9000°R AND MACH 15 


A 


How do you exactly simulate the flight of hypersonic missiles 
and space vehicles in the earth’s atmosphere for realistic time 
periods? 

Up to now it couldn’t be done! 


But now CAL is developing and building for the Air Force the world’s 
first test device achieving temperatures up to 9000°R, speeds up to 
Mach 15 and test times as long as 15 seconds. 


In this Wave Superheater Hypersonic Tunnel it will be possible to 
examine the large scale models, materials, structures and aerodynamic 
problems arising in the hypersonic flight regime. 


For this and other significant research, the mechanical design of 
structures and equipment to withstand extreme temperatures and loads 

. and for advanced nozzle systems studies . . 
nautical and mechanical engineers. To those who join us, we offer the 
Opportunity to undertake research work most suited to their specific 
background and interests. Interested? Write today. Your inquiry will 
receive prompt, confidential attention. 


Ale | CORNELL AERONAUTICAL LABORATORY, ING. 


Sec) of Cornell University, Buffalo 21, New York 


J. G. Rentschler 


CORNELL AERONAUTICAL LABORATORY, INC. 
Buffalo 21, New York 


Please send me your professional employment prospectus, 
“A Community of Science."’ 


Name 


City en es Zone State 


Check Employment Inquiry Form on Page 217 


. We seek capable aero- 


calendar 


November 2-4—National Midwest- 
ern Meeting on New Frontiers in 
Aviation, Institute of the Aeronau- 
tical Sciences, Hotel Lassen, Wich- 
ita, Kan. 


November 2-5—Fall Meeting of The 
Metallurgical Society of the Ameri- 
can Institute of Mining, Metallurgi- 
cal, & Petroleum Engineers, Mor- 
rison Hotel, Chicago. 


November 2-5—Fall Meeting, West- 
ern States Section, Combustion In- 
stitute, AS Bldg., Los Angeles, Calif. 


November 3-5—11th Annual Mid- 
America Electronics Conf., Institute 
of Radio Engineers’ Kansas City 
Section, Hotel Muehlebach, Kansas 
City, Mo. 


November 4-6—National Automatic 
Control Conf., IRE, American Insti- 
tute of Electrical Engineers, Instru- 
ment Society of America, American 
Society of Mechanical Engineers. 
AIEE is conducting a parallel Con- 
trol System Components Conf. on 
Nov. 5-6. Sheraton Hotel, Dallas, 
Tex. 


November 8-13—International Rub- 
ber Technology Conf., ASME, ACS, & 
ASTM, Shoreham & Park Plaza Ho- 
tels, Washington, D.C. 


November 9-11—Fourth Instrumen- 
tation Conf. & Exhibit, IRE Profes- 
sional Group on Instrumentation! & 
Atlanta Section, Biltmore Hotel, At- 
lanta, Ga. 


November 9-20—13th Annual Air 
Transportation Institute, American 
University’s School of Business Ad- 
ministration, Washington, D. C. 


November 11-13—16th National 
Meeting, Operations Research ~So- 
ciety of America, Huntington-Shera- 
ton Hotel, Pasadena, Calif. 


SPACE/AERONAUTICS 


November 16-19—14th 
Meeting and Astronautical 
tion, American Rocket 
Sheraton-Park Hotel, 
DEC: 


Annual 
Exposi- 
Society, 
Washington, 


November 16-20—Automation Show 
& Conf. on Materials Handling, New 
York Trade Show Bldg., New York, 
IN. YG 


November 16-20—20th Annual Con- 


vention, National Aviation Trades 
Assn., Hote! Montleone, New Or- 
leans, La. 


November 17-18—National Turbine- 
Powered Air-Transportation Meeting, 
ral History Building Auditorium, 
Calif. 


November 17-19—34th Meeting, 
Aviation Distributors and Manufac- 
turers Assn., Diplomat Hotel, & 
Country Club, Hollywood, Fla. 


November 18—Fall Meeting, East- 
ern Division of Society of Aircraft 
Materials & Process Engineers, 
Sheraton-Carlton Hotel, Washington, 
Dis: 


November 19-20—Seventh Annual 


Aircraft & Missile Division Conf., 
American Society for Quality Con- 
trol, Sheraton-Dallas Hotel, Dallas, 
Tex. 


November 23-25—Division of Fluid 
Dynamics, American Physical So- 
ciety, University of Michigan, Ann 
Arbor, Mich. 


MC 


PICTURE CREDITS: Cover, p. 5—S/A; pp. 39-43 
—AIA, Convair, U.S. Industries, Fansteel; pp. 
44-47—Rocketdyne, Lockheed Aircraft; pp. 48-51— 
North American Aviation, Cincinnati Milling Ma- 
chine; pp. 54-59—Convair; pp. 60-62—North Amer- 
ican Aviation, General Electric; pp. 63-66—Linde, 
North American Aviation, Solar Aircraft; pp. 73- 
80—AIA, Hi-Shear Rivet Tool, Lockheed Aircraft, 
Battelle Memorial Institute; pp. 85-92—AlIA, 
Battelle Memorial Institute, Marquardt Aircraft, 
USAF, Convair; pp. 97-!1!0—Northrop; pp. 114- 


{16—Bristol Siddeley Engines; pp. 1!17-12I— 
Chicago Aerial Industries; pp. 123-130—General 
Electric; pp. 135-{38—Rocketdyne, Harman Equip- 
ment, Cuno Engrg,; pp. 143-154—Ryan Aero- 


nautical; pp. 164-168—Servomechanisms. 
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CABLE CONTROL 
REGULATORS 
ON THE X-15! 


Pacific Regulators were chosen to keep perfect ten- 
sion in control cables for instant control response 


on the X-15. For good reason, too. Hypersonic 
speeds can cause air friction to heat surfaces to 
1000°F in seconds. LOX drops metals to frigid lows 
of —300°F. Cold refrigerated air roars through wing 
and fuselage areas. 


Such temperature extremes cause rapidly changing 

expansion differences between airframe and control 

cables. These variations must be compensated for 

in the control cables to prevent them from rapidly 

becoming too taut or slack. And only Pacific Cable 

Tension Regulators can supply the necessary instant 
. automatic... positive compensation required. 


Pacific Regulators compensate for thermal or me- 
chanical variations in control systems as swiftly as 
changes occur. They keep control cables at a con- 
stant even tension insuring instant control response. 


Pacific Regulators also permit rigging cables at a 
lower load, thus reducing rig friction that could 
mask small control corrections. Pacific Regulators 
are in use on all types of aircraft from lighter-than- 
air to faster-than-sound. There is no match for 
their versatility. For complete information write 
Pacific today. 


TRADE MARK 


PACIFIC SCIENTIFIC COMPANY 


P. 0. Box 22019, Los Angeles 22, Calif. 


SAN DIEGO * SAN FRANCISCO 
SEATTLE * PORTLAND, ORE. 
ARLINGTON, TEXAS 


REPRESENTATIVES: Eastern U. S.—Aero Eng. Co., 
Canada—Garrett Mfg. Corp., Toronto - 
Europe — Teleflex Prod. Ltd., England 


100 MILES UP 


Mineola, L.1I., N.Y. 
Montreal - 


KEEPS THE SLACK 


Ontario 


CONTROL 
Regulator 
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PITCH and ROLL 
CONTROL 
Regulator— 
right hand 


REACTION 
CONTROL 
Regulator 


FUEL 


Creative Development and Manufacturing in Airborne Controls Design 
Write in No. 15 on Reader Service Card at start of Product Preview Section 


VALVE 
CONTROL 
Regulator 


REINS! 


CONTROL 
Regulator 
—left hand 


SPEED BRAKE 
CONTROL 
Regulator 


OUT OF THE 
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of 


concept applied to 
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(3 Fast Delivery 


New MICKER$S | building block 


CONSTANT 
SPEED DRIVES 


for 400 cycle A.C. electrical systems 


Unlimited 
Versatility 


High Efficiency 


7 


<——— 


Frequency control + 0.1%. Uses electronic 
frequency controller to regulate pump dis- 
placement. System pressure is function 


of load. ——— Bim 
ae 
Frequency control +0.25%. Uses load sensi- 
tive system to match infinitely variable | 


PRECISION ELECTRIC 


CONTROLLER VARIABLE DISPLACEMEN 


PRESSURE FROM UTILITY MOTOR 
HYDRAULIC SYSTEM 


DISPLACEMENT 
electrical load. System pressure is constant, 
flow demand is load dependent. RETURN TO UTILITY 
HYDRAULIC SYSTEM RESERVOIR 


RIABLE DISPLACEMENT PUMP ALTERNA | 


@ Using this ‘‘building block” construction, Vickers 
Constant Speed Drives are assembled to exact 
requirements from the abundance of Vickers 
standard and proven components. Practically any 
characteristics you need can be quickly adapted 
to the existing Vickers product mix. These include: 


FREQUENCY CONTROL 
+ 3% with hydraulic control 
+ 0.1% with electronic control (or better if desired) 


VERSATILITY 


Frequency control + 0.1%. Uses electronic 
frequency signal to trim hydraulic flow 
control. System pressure is constant. 


1 to 75 hp with standard hardware 
Flexibility of package shape and location 


HIGH EFFICIENCY 
Volumetric efficiency of either pumps or hydraulic 
motors is 96% at 3000 psi. This together with 
optimum matching of components results in very 
high system overall efficiency, 


MINIMUM WEIGHT 
Significant optimization engineering can be 
applied to your system design considerations 
from similar Vickers application experience. 


OVERLOAD CAPACITY 
Depending upon system requirements, overload 
capacity of from 120% to 200% can be provided, 


Frequency control + 3%. Uses hydraulic flow 
control only. System pressure is constant, 


For further information, write for Bulletin SE-I00. 


Frequency control + 3%. Uses hydraulic flow 
control to supply single or dual motors de- 
pending upon load variations. System pres- 
sure Is constant. 


VICKERS INCORPORATED 
DIVISION OF SPERRY RAND CORPORATION 
Aero Hydraulics Division—Engineering, Sales and Service Offices: 
ADMINISTRATIVE and TORRANCE, CALIFORNIA 
ENGINEERING CENTER 3201 Lomita Blvd. ¢ P.O. Box 2003 
Department 1481 ¢ Detroit 32, Mich. Torrance, California 
Aero Hydraulics Division District Sales and Service Offices: 


Albertson, Long Island, N. Y.e Arlington, Texas 
Seattle 4, Washington e Washington 5, D.C, 


production 
& materials 


A Space/Aeronautics special report engineering 
on the state of the art and the technical outlook 
in two crucial aerospace technologies { 


Production and 
materials engineering: 


“exotic” materials 
trigger production “revolution” 


by Irwin Stambler, Associate Editor & Project Leader 


@eWrite in No. 16 on Reader Service Card 
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i sts FOREMOST trend in aerospace production is that there is going to be less 
production. Aircraft production orders used to run in the thousands, but even 
“large” orders for future designs will be only in the hundreds. And once we 
build large spacecraft, they'll all probably be “one of a kind,” just as are 
today’s ocean liners. 

Even with a low overall volume, though, the production tools and methods 
needed for the new designs will be far more complex than anything the industry 
has used in the past. In fact, a production “revolution” is in the making—if we 
are to fabricate the many new materials now coming out of R&D, we will have 
to change just about every aspect of our design-production practices and 
theories. 

One striking change is shown up by the growing interdependence of produc- 
tion and materials. Once these were two separate fields. The designer selected 
the materials, and then it was up to the production people to make the parts. 

Now, the two areas are becoming inseparable. With the high strength alloys 
of today and tomorrow, the designer can’t specify just any material—he must 
first find out if the material of his choice can be fabricated into the shape he 


wants. 
In fact, F. A. Monahan, manager of manufacturing development and process 


more on next page 


NEW ROLLING process 
for producing thin, close 
tolerance, wide steel 
sheets, developed by 
U.S. Steel, is prime 
hope for meeting future 
structural needs. USAF 
earlier this year gave 
U.S. Steel contract for 
development of produc- 
tion methods. 


100 Syomuere se at Convair-San ree told pipes 
s NAUTICS that in many areas manufacturing must 
[ cowenmona roms lead the designer. Naturally, Monahan explains, the 
designer wants to design something that can be made. 
But with the newer materials he can no longer look up 
the data he needs in a handbook or get them from 
test coupons. A molybdenum forging, for instance, has 
properties different from those of a molybdenum test 
coupon (because of oxidation, inclusions, etc.). As a 
result, Monahan says, the trend in manufacturing R&D 
is to make typical sheet samples, castings, etc., from 
new materials and so provide engineers with the neces- 
sary data before they try to design new parts. 
IMPACT & Another example of the impact of new production 
EXPLOSIVE FORMING approaches on design is numerical machining. In some 
cases, this technique lets you make parts without draw- 
(OOO 625 63im 64 6566206768 wcolke /0me7 | ings. Take a wind tunnel model that was recently 
jaan aan una turned out by the manufacturing department of a 
100 major aerospace firm. An aerodynamicist supplied the 
MANUAL CONTROL aerodynamic formulas for the model, manufacturing 
plotted them out on tape, and the model was produced 
: directly from the tape. 
RE Numerical control also has brought about a change 
in part parameters. In the past, production engineers 
preferred straight lines on parts, because of factors 
such as the limitations of manually run milling ma- 


NUMERICAL-CONTROL 
MILLING, TURNING (es < 
& PLANING Speen chines. Now manufacturing prefers curves—with tape 


SEMI-AUTOMATIC, control, it’s as easy to go one way as the other. 
AUTOMATIC & ees 
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Perhaps the major continuing trend in production is 
NC GRINDING away from forgings, castings, machined parts, etc., and 
20 


PERCENTAGE OF CHANGE 


FIGURE 1: Trends in material shaping (top) and ma- 
a ee : terial removal as forecast by the Aerospace Industries 
GOON BZ a Osa 64e. bon 66.67.68. 69970 274 Association on the basis of an industry survey. 
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toward the wider use of sheet material. In its 1959 fore- 
cast of trends and requirements, the Aerospace Indus- 
tries Association (AIA) estimates—on the basis of an in- 
dustry survey—that almost half of all structural vehicle 
empty weight will be sheet forms by 1965-70, as 
against 30-33 per cent today. 

Ags prime reason for this trend lies in the difficulty 
in machining and shaping such materials as the super- 
alloys and refractory metals. Also, the present trend 
from light metals to steels has outmoded even the 
most powerful production equipment in use today. 
Producibility engineers at a number of companies told 
SPacE/AERONAUTICS it would cost a tremendous 
amount of money to convert such units as the 35,- and 
50,000-ton heavy presses to make the type of steel 
forging needed for future designs. They emphasize 
that you can’t forge as closely with steel as with alu- 
minum—the dies won’t stand up. 

One engineer said that, in machining a forging, the 
job is 50 times as complex with a steel part as with 
an aluminum part. Precision steel forgings are the 
theoretical answer. But the same engineer has a very 
practical objection: How can we get precision steel 
forgings when we can’t even get true precision alu- 
minum forgings? 


Better mechanical properties expected 


Figure 2 shows some of the trends in application 
forms over the next 10 years. Considerable improve- 
ment in mechanical properties is expected for most cast 
and wrought materials. A major swing to welded struc- 


ture (including honeycomb) is also expected by 1970. 
Much of this particular trend involves the wider use of 
composite structure in which similar or dissimilar ma- 
terials are combined to take advantage of each material’s 
specific properties. 

Composite structures pose considerable manufacturing 
problems. For instance, 17-SPH and AM 355 both 
have growth factors at high temperatures—but different 
ones. And that’s a relatively simple case. 

How to hold composite assemblies within tight 
tolerances is a key problem. As Monahan points out, 
upcoming designs call for tolerances of less than 0.0005 
in. On sheets on the order of 20x20 ft. At present, 
incidentally, such sheets aren’t even available, and it’s 
necessary to weld sections together and then planish 
to tolerance. A solution for this particular problem 
may be provided by U.S. Steel’s current work on rolling 
large, thin sheet. 

How will the composite structures be joined? Much 
of the research on this question is aimed at eliminating 
brazing. It’s hard to put inserts in brazed core, and 
it’s hard to tie the core into closure members. Also, of 
course, right now welding looks more promising for 
large-scale production. 

However, as George D. Cremer, senior staff engineer 
at Solar, told SpACE/AERONAUTICS, researchers and 
designers have only begun to tap the potential of braz- 
ing processes. So far, he states, nobody has come up 
with a welding method that can compare with brazing. 
New brazing alloys, Solar engineers believe, will insure 


a continued edge for brazing. 
more on next page 


T us SPECIAL REPORT deals with two aerospace technologies that have become 
inextricably linked in recent years: materials and production. Its principal aim is to 
show just how the continuing improvement of materials performance is affecting the 
production picture, requiring new methods in the use of today’s tools and, above all, 
the development of radically new machines and processes. 

This report is the result of a nearly year-long effort by a team of S/A editors includ- 
ing Vic de Biasi, Jim Holahan, and Bern Kovit and headed by Irwin Stambler, our 
specialist on materials and production. 

A limited number of reprints of this report is available at $1 per copy. Reduced 
rates apply for bulk orders of 50 copies or more. Address orders and remittance (no 
stamps, please) to: Reprint Dept., SPACE/AERONAUTICS, 205 E. 42nd St., New York 
ANY: 

S/A’s special report on production and materials engineering begins with this 
article. Its other features are: 


Irwin Stambler 


Machine Tools: From New Techniques to New Designs .. . on =u sa tA 
Chipless Methods for Machining High Temperature Metals 48 
RroductionandsMaterialssketerences Biles... ae = oe 
Production Know-How Gaining on Superalloys and Refractory Metals 54 
New Resins Lead Structural Plastics Development ............... 60 
Bonding and Welding: Ideal for New Aerospace Materials . . see 63 
New Materials Pose Problems for Mechanical Joining ..... ee ri ee 73 
New Techniques, Greater Precision for Forming Processes .......... Pete POs) 
Numerical Control Comes into Its Own ............ : ae ee 


What Makes a Good Thermoelectric Material? i Bio Pt 
Diffusion Promises More Efficient Semiconductor Production 19: 3 164 
Electronic Materials Reference File ae Sasr aie 
Metal Oxide Additives Give Higher-K Capacitor Ceramics 

Please note that the report’s last four features, all of which cover electronic sub- 
jects, are separately grouped in this issue’s Aerospace Electronics section. 


“Fadal de Kat hows Editor 
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FIGURE 2: Increases in mechanical Properties of alloys 


and changes in structural applications as forecast by 
AIA. 


Boeing manufacturing engineers believe that break- 
throughs in inorganic chemistry will bring bonding 
back into prominence in high temperature applications. 
Their company’s researchers are working on ceramic 
core structures. The AIA study reports a belief that 
ceramic adhesives will be perfected for applications 
beyond 600 deg F. Bonding of steels is also expected 
to become commonplace. 

Because of the increasing emphasis on very close 
tolerances, we are developing forming methods that 
give parts with nearly final dimensions. As Figure 1 
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shows, conventional forming methods are giving way 
to new techniques. Precision castings, forgings, and 
extrusions must be developed in a wide range of ma- 
terials. High energy forming, hot- and cold-shear spin 
forming and hot-forming and -stretching of sheet ma- 
terials will play an increasingly important role in 
future production. 

For R&D forming of large sheet metal parts, Martin 
is using a 6500-ton Loewy Marform press with rubber 
pad pressures of up to 10,000 psi to make 25x25-in. 
parts out of %-in. alloy steel. For trapped rubber 
forming, Boeing is using a press with an 18-in,-diam- 
eter-head. 

AIA’s Equipment Committee has suggested to the 
services that a trapped-rubber unit be developed with 
a 48-in.-diameter head. Martin and Loewy are thinking 
about developing equipment with which to form 95- 
in.-diameter blanks. 

Despite the trend to welded and brazed sheet struc- 
ture, material removal will still be a key factor in 
future designs. The vastly increased use of refractory 
metals, steels, superalloys, ceramics, and plastics in 
aerospace vehicles will result in an estimated reduction 
of 30 per cent in material removal by conventional 
machine milling. Even so, AIA reports, machine milling 
will still be the biggest material removal operation. 

The new alloys, of course, call for much more 
powerful and rigid machine tools. Boeing, for example, 
reports that three time more power is needed with 
steel than with aluminum. 


Processes will be automated 


As Figure 1 shows, the trend in material-removal 
equipment is toward relatively specialized, numerically 
controlled semi-automatic and automatic machines. 
The new materials also call for much wider use of 
new processes, including chemical milling, ultrasonic 
and electric-discharge machining, abrasive grinding, etc. 
Finally, much closer temperature control will be needed. 

An important need, AIA says, is the development 
of methods for casting, forming, and machining cermets. 
These are expected to require ceramic, ceramic-faced, 
or diamond-shaped tools. Many of the chipless machin- 
ing methods, of course, are already being used to 
work these materials. The increased use of plastics, 
ceramics, etc., also has brought about a trend toward 
specialized equipment for filament winding, wrapping 
and curing. 

Cutting tool R&D is aiming both at developing new 
designs and materials and at making more efficient use 
of current tools. An example of the latter approach is 
given by the efficiency studies run at Lockheed (see 
“Machine Tools: From New Techniques to New De- 
signs,” p. 44). Like Lockheed, Boeing is going to climb- 
ing cuts. (In the past, you cut into material by rotating 
into it; now you rotate out of the material.) 

Convair has a solid ceramic cutter in the R&D stage 
that it hopes can be produced very cheaply—so that it 
doesn’t have to be resharpened when it’s worn but can 
be thrown away. An expendable tool, Monahan ex- 
plains, would be particularly good for tape control 
work, in which you lose human feel—the operator can’t 
tell (by chips, smoke, etc.) what condition his tool is 
in and doesn’t always get it out in time for resharpen- 
ing. 

A conventional milling cutter costing around $50 can 
be resharpened about five times before it must be dis- 
carded. So an expendable ceramic tool costing $5-10 
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would represent a considerable production saving. 

Convair believes it should be able soon to turn out its 
present ceramic cutter at a rate of 1000 per hour 
(molded to size). In R&D work, aluminum oxide cut- 
ters have been used successfully to cut materials of up 
to Rg 32. Quarter-inch cuts have been made easily at 
that hardness, Monahan reports. 


Better soldering for circuit cards 


In electronic production, better machine soldering 
methods are a prime requirement. Icicle control, joint 
quality, and inspection all pose problems in soldering, 
AIA’s survey revealed. It also showed that new processes 
and equipment for solder termination will be needed 
for improved circuit cards to be used in the 700-deg F 
range. By 1970 the temperature range is expected to 
extend to 1000 deg F and require flexible and/or 
multi-layer circuit cards and associated equipment. 
Mechanical or welding tools or combinations of these 
designs, says AIA, will probably be needed for lead 
termination for the 1000-deg F range. 


ELASTOMER temperature properties (top left) are ex- 
pected to improve. Silicones, urethanes, and _ fluoro- 
carbons are prime hopes. Top right: Trends in brazing 
and welding as forecast by AIA. Bottom left: Improvement 
in ceramics and cermets expected for the next decade. 
According to AIA, ceramo-plastics will be used for abla- 
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The properties of the new high strength and tempera- 
ture materials clearly show the increasing need for 
tailoring production methods and equipment to ma- 
terials parameters. However, even though the old stand- 
bys of the aerospace industry, the light alloys, will ac- 
count for only a small portion of the vehicle of the 
future, this doesn’t mean they won’t have an important 
role to play. For instance, it appears that in such de- 
signs as space vehicles and stations assembled in orbit 
metals like aluminum may make up a significant amount 
of structure. The increased need for mobile ground 
support equipment also may lead to new types of light 
structures, such as paper honeycomb faced with 
aluminum. 

All in all, it still holds true that there’s practically 
no material that won’t find some use in future aero- 
space projects. Besides the materials mentioned here, 
of course, even more unusual ones are on the horizon— 
in particular the so-called combined systems, materials 
made of almost any combination of metals, plastics, and 
ceramics. Production engineering clearly must prepare 
for fundamental changes.—End 


tion; graphite, sublimation ceramics, and metallo-ceram- 
ics for sublimation; and solid-body ceramics, metallo- 
ceramics, cermets, reinforced refractory ceramics, and 
flame- and plasma-sprayed ceramics for insulation. Bot- 
tom right: Plating material use trends as forecasts in 
AIA survey. 
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Machine tools: 


from new techniques 


to new designs 


More efficient methods for the sixties, radically 
new machine tool configurations for the seventies 


Tomorrow's Machine Tools 


by W. E. Stewart, Manufacturing Engineer, Manufacturing Analysis Group, Rocketdyne Div., North American Aviation, Inc.* 


New CONCEPTS clearly are needed if machine 
tool builders are to keep pace with the fabrication 
needs of tomorrow’s missiles and spacecraft. The in- 
creasing use of large, integral components for such 
systems as rocket engines will require larger versions of 
many existing machines. The fact that the larger ma- 
chines will also have to be more accurate may impose 
entirely new design approaches. 

The manufacturers of advanced vehicles somehow 
must find a way of machining the new hard, tough, and 
stringy material. And the answer may lie not in heavier 
machines, but in the application of some of the same 
strong, stiff metals that brought about the machining 
problem in the first place. 

The versatility and speed of numerically controlled 
machines have paved the way for new developments. 
More effective configurations, virtually impossible to 
machine by conventional methods, will result as design 
and manufacturing engineers pool their ideas. 

It’s quite possible that the aerospace plant of the 
seventies will rely largely on vertical lathes, which avoid 
the “droop” problem in large but fragile components 


*Rocketdyne Div., North American Aviation, Inc., 6633 Canoga Ave. 
Canoga Park, Calif. : 
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FIGURE 1: Numerically controlled milling-drilling-boring 
machine of the seventies with built-in rotary table and 
capacious tool storage drum. 
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FIGURE 2: Futuristic vertical turret lathe using automatic 
dimensional control and a temperature- and load-sensing 
unit for feed and speed control. 


(Fig. 2). Most of the dimensional-error problem may be 
overcome through the use of optical and electronic 
sensing units, now generally restricted to high produc- 
tion work or of complete numerical control. 

The machining of hard tough metals will no longer 
be a problem. Infrared sensing units will measure tem- 
perature and load at the cutting edge and automatically 
keep speeds and feeds at optimum values. 

“Building block” milling machines (Fig. 1) with in- 
finitely variable, gearless drives using variable-pitch tur- 
bines or magnetic clutches will be part of our plant of 


Machine Tools Today 


FIGURE 3: Drilling machine of the near future with one 
head for heavy-duty work and another for “‘load-sensitive”’ 
drilling of small, precise holes. 


the future, and so will be gas film lubrication systems. 
The machines will have built-in provisions for local- 
ized heating of the workpiece, so that the fixturing 
medium can be quickly frozen or melted when fragile 
pieces are milled. 

Ultra-high-speed drilling machines, which will remove 
metal so rapidly that special chip-packaging systems 
will be needed, will be standard equipment (Fig. 3). 
Drilling machines will produce holes in what is now 
thought to be “unmachinable” stock at fantastic rates 
by electron-beam bombardment . . .—tnd 


by Robert L. Vaughn and George R. Clemens, Producibility Methods Engineering Dept., 


Lockheed Aircraft Corp.* 


Acuminum and other lightweight alloys still repre- 
sent a large portion of today’s typical aircraft structure. 
Present general-purpose machine tools are generally 
considered satisfactory for making complex aluminum 
parts. However, in recent years special-purpose machine 
tools have been used to speed up the production of 
such parts. 

Typical special-purpose machines are the spar, skin, 
and cavity mills; the one-, two-, and three-dimensional 
profilers; routers; shapers; and all types of template- 
and model-tracing machines. Some of these machines, 
such as the spar mills and routers, are modifications 
of wood-working equipment. Others are similar to 
general machine shop equipment, but have higher 
spindle speeds and a lighter construction. 

Few of the special-purpose machine tools could be 
economically converted for use on the new high strength 


* Lockheed Aircraft Corp., California Div., 2555 N. Hollywood Way, 
Burbank, Calif. 
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materials. Obviously, rugged, low-to-high speed, high 
horsepower machines will have to be used. AMC- 
sponsored R&D at Lockheed indicates that it may 
prove possible to machine newer alloys if very high 
speeds are used. 

Future machine tools will be vibration-free, using 
new ways of transmitting energy to the cutter and 
drives. It’s conceivable that air bearings or electro- 
magnetic fields to support spindles will do away with 
bearing problems. Hydraulic motors would meet some 
of the requirements for high power spindles. Electric 
motor drives with higher powers and speeds are being 
developed. Flywheels could be used to store energy 
and supply the power needed to cut today’s metals 
at higher speeds. 

Machines need more rigidity—both for today’s and 
tomorrow’s operations. Possibly aircraft design methods 
might be used to increase rigidity without adding 

more on next page 
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Ro 36 Ro 47 
Feed or 
hip Load Est. Life ; 
Gna or Speed (lineal Speed Est. Life. 
in./tooth) (sfm) in.) * (sfm) | (lineal in.) 
Drilling 


0.003 30 75 10 20 


Milling 
0.001 | 100 40 20 20 
0.003 | 130 60 40 45 
0.0025 | 100 40 40 20 
0.0025 | 130 60 45 50 
0.0005 | 95 50 25 20 
0.001 | 100 70 50 40 
0.002 | 100 200 60 75 
0.0025 | 120 150 70 80 
0.003 | 150 125 80 100 


weight. A threefold increase in the modules of elasticity 
may be obtained by using frames of welded steel 
instead of cast iron. This approach is already being 
used by some machinery manufacturers. 

Carbide cutting tools were introduced in the late 
thirties and cemented oxides about 1955. The result 
was the development of machine tools with increased 
power and higher speeds. Better cutting tools have 
since been designed that allow further improvements in 
machine capabilities. Tool performance has been raised 
by: 

e better carbides for steel cutting; 

e disposable carbide inserts that have several cutting 
edges and require no grinding; 

e mechanical clamping methods, which eliminate 
brazing; 

e insert-type cermet tools for single- and multiple- 
tooth cutters; 

e better grades of high speed steel. 

Alloying and heat-treat cause definite changes in 
the physical properties and metallographic structures 
of the metals. These in turn cause cutting tools to 
perform erratically. In the annealed condition, some 
alloys are “gummy.” The cutting heat causes them to 
weld to the cutting tool, and the result is minute 
chipping of the cutters. These alloys would machine 
better if they were heat-treated to Rg 32-42 and carbide 
or even high speed tool steel were used for the cutters. 
Cutting limitations must be considered even when you 
are using the so-called “proper grade.” Increased cut- 
ting pressures limit the cut size that you can take 
without tool breakage. When steel alloys are heat- 
treated to more than Ry 46, a tempered structure con- 
taining some martensite is produced whose machin- 
ability is sharply reduced. Such alloys are sometimes 
extremely abrasive; with some setups and cutters, there- 
fore, very high speeds and feeds cannot be used. 

At the reduced cutting rates needed for highly heat- 
treated alloys, the present cemented-carbide cutting 
tools may not be practical. The reasons lie in the grain 
structure of these tools and in the cutting heat—chips 
weld more readily to carbide than to high speed steel. 
Particles of the work material are forced into the grain 
boundaries by continued pressure and impact, and the 
tool fractures prematurely. 

A study of a production run on high strength (Rg 
59) landing gear parts, for instance, revealed that a 
chip load of 0.0005 in. per cutter tool at 30 sfm gave 
the longest tool life. As Figure 5 shows, high speed 
steel cutters in this case proved twice as good as 
carbide cutters. 


Cost dictates the tool selection 


Economics usually dictates the use of a particular 
cutting tool. Carbides shouldn’t be used for form cut- 
ting. Shop practice has shown that inserted tooth mill 
cutters with a corner radius of 0.125 in. or more break 
down fast when used to machine highly treated steel 
(Ro 46 or more). 

High speed cutting tools can take higher shock loads 
than most carbide types. For this reason, their life is 
2-3 times longer. There are many cases in which the 
cost of carbide tools isn’t justified. However, sometimes 
the higher floor-to-floor time offsets the lower initial 
cost and ease of grinding for high speed cutters. 

A promising new development is the use of electro- 
sparking for depositing carbide particles on high speed 
steel cutting tools. It’s claimed that, in several tests, 
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tool life was increased by up to 400 per cent. 

In practice, there exists a limit and a minimum 
value for the theoretical chip thickness in a given 
machining condition. If the cut isn’t deep enough the 
cutting edge of the tool will elastically deform and 
slide over the material without cutting (Fig. 4). The 
machined surface is cold-worked, and hard spots are 
produced that must be removed before another cut 
is made. 

Cutting depth is especially critical on work-harden- 
able alloys like AM 350. It is now common practice 
to leave at least 0.06 in. of stock to be removed for 
finishing after heat-treat. 

A recent study on AM 350 showed that, except for 
severe work-hardening tendencies in the heat-treated 
condition, the alloy can be machined much as is SAE 
4340. Specimens at Rg 36 and 47 required cutting 
tools with the clearances and rake angles normally 
used on steels of comparable hardness (see Table). 

Machining of the R, 47 specimens showed that 
certain types of standards cutting tools worked well. 
The following recommendations were formulated: 

e Use manganese rail-type drills of M-34 high speed 
steel with a slow spiral point and a compound point 
angle. 

e Use standard reamers of M-1, M-2, or M-7 high 
speed steel. 

e Use end mills of M-1 or M-3 Type 2 high speed 
steel with a fast spiral (32 deg standard) and minimum 
corner radius. 

e Use mill cutters with a standard rake angle and 
made from M-1, M-2, or M-3 to get longer tool life. 

e Use C-8 carbide-tipped flycutters. 

e Use standard four-fluted taps of M-1 or M-2 with 
a flat crest relief and 1012 deg lead for plug taps and 
301% deg lead for bottom taps. 

e All high speed tools should have liquid nitride or 
steam homo-surface treatment. 

@ Water-soluble oil mixed at 20-25 to 1 is best 
for all operations except tapping, for which you should 
use a good grade of cutting oil.—End 


COMPARISON of strength-density ratios change with 
temperature for new high strength materials (curves 
1-11) and aluminum (curve 12) in bar form. Alloys shown 
and their ultimate tensile strengths (UTS) in ksi at 70 
deg F are: (1) titanium alloy, 180; (2) 6AI-4V titanium, 
150; (3) Thermold J, 300; (4) Halcomb 218, 240; 
(5) Tricent, 290; (6) 4340, 270; (7) 17-4PH, 195, 
(8) Inconel X; 160; (9) S-816, 130; (10) 347 Cres, 91; 
(11) 301 Cres, 85; (12) 7178 aluminum, 86. 
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FIGURE 5: Efficiency studies are helping production en- 
gineers to make the best use of current cutting tools. 
This graph compares carbide and high speed tool steel 
as the cutter material for producing a 56-R. 4340 steel 
part at 30 sfm. The feed equals the chip load of 0.0005 
in.; the stop point is 0.003-0.005 in wearland or edge 
failure; and the cutter is a face-mill type with inserted 


blades. 
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CUTTING TOOL 


RIGHT 


FIGURE 4: For any cutting operation, there is a theoret- 
ical optimum depth of cut. If the tool is up to too 
high a level, its tip deforms, and the tool tends to 
ride up and slide over without cutting. 
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Chipless methods 


for machining high temperature metals 


ANCINNAY 


e Chemical milling in development for 
titanium and new alloys 


e “Fast” electric-discharge machines de- 
signed in Russia 


by Alfred G. Jones, Design Producibility Engineer, 
North American Aviation, Inc.* 


Most OF THE NEW high strength, heat-resistant 
alloys practically defy conventional machining (in which 
you cut or chip away unwanted material). Luckily, 
these alloys can be machined by “chipless” techniques. 

These techniques include chemical milling, electroly- 
tic, electric-discharge, electron-beam, ultrasonic, and 
plasma-jet machining, and the material-displacement 
method. Only the last process is truly “chipless”. In the 
other methods, material is actually removed from the 
workpiece—not as chips, though, but in the form of 
powder or granules or in solution. 

Chemical milling is used on stainless steels, heat- 
resistant high strength alloys, and titanium both for 
machining and for sizing sheet and plate to thickness 
dimensions. Most of the time, though, the Chem-Mill 
process (developed by NAA) is considered a method 


ec paren Aviation, Inc., International Airport, Los Angeles 
45, Calif. 


ELECTRIC-DISCHARGE MACHINING is automatic once 
the part is set up and the machine put in operation. 
Where the electrode enters the oil bath a wisp of smoke 
is generated by the machining process. This Cincinnati 
Milling Machine Elektrojet unit has a movable work table 
and a universal work head that can impart vertical, 


angular, rotational, and planetary motions to the elec- 
trode. 
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GROWTH TRENDS for chipless machining methods. Ap- 
plied-pressure and high energy forming both use ma- 
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for detailing airframe skins. More than one surface 
of a skin or part can be chemically milled at one time, 
and several different parts can be processed concur- 
rently. 

The final dimensional tolerances usually depend on 
the material’s initial tolerance and the depth of the etch 
(i.e., of the material that is removed). Closer toler- 
ances than those listed in the Table can be held by 
mechanically or chemically sizing the sheet or part to 
a close tolerance before chemical milling. This proce- 
dure, of course, increases costs. 

Of the newer materials used in Mach 3 vehicles, per- 
haps the most difficult to process by chemical milling 
are the high-nickel and the titanium alloys. The cor- 
rosion-resistant nickel alloys are not readily attacked 
by the standard etchant solution used for steel. They 
require a special chemical bath as well as especially 
close control during milling. Chemical milling of welded 
joints in high-nickel alloy is virtually impossible. 

With titanium, the big problem is the tendency of 
titanium alloys to pick up hydrogen during chemical 
milling. The resulting embrittlement makes the alloys 
useless for airframe applications. 

In summary we can say that chemical milling is a 
well-established production technique for aluminum 
and magnesium and is in its early stages as a reliable 
production method for stainless. For titanium and the 
newer high strength heat-resistant, alloys, it has not yet 
emerged fully from the experimental Jab stage. 

Electrolytic machining is an efficient and practical 
way of machining stainless steel honeycomb cores (flat, 
tapered, or contoured) to close tolerances. This techni- 
que can be thought of as highly accelerated electro- 
plating in reverse or as a combination of fast etching 
and lapping. 

In a typical setup, the workpiece becomes the anode 
and a special “grinding” wheel serves as the cathode. 
A gap of about 0.001 in. is held between wheel and 
workpiece, and the material is “machined” without 
contact. A constant flow of coolant washes away the 
material as it is removed. 

A wheel of free-machining brass, slotted and filled 
with abrasive epoxy resin containing aluminum oxide, 
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terial displacement and are actually the only ones among 
these processes that are literally ‘‘chipless’’. 


works very well. Usually, a cup-type wheel on a vertical 
spindle is used if the core is to be machined flat or to a 
single, constant taper. A horizontal spindle setup is 
used in contouring or step-cutting. Machining speeds 
for steel honeycomb core can go up to 7500-7600 sfm 
(which is equivalent to using an eight-inch-diameter 
wheel at 3600 rpm). 

A recent adaptation of this technique, based on the 
principle of spark erosion rather than on reverse plat- 
ing, 1s said to be 30 times faster. The action of hun- 
dreds of electric arc contacts per second “boils” away 
the material. Because of the burning or melting action, 
there is danger of heat damage to the honeycomb core, 
even though water and electrolyte coolants are used. 

This is a serious drawback, for metallurgical proper- 
ties can deteriorate as a result of localized heating, 
particularly in the case of stainless honeycomb. For 
fast roughing-cuts, however, the “interrupted” arc ap- 
proach may turn out to be valuable. 

To produce the interrupted arc, a metallic wheel with 
open slots around its working face is used. The slots 
act as arc-breakers while the wheel revolves. No 


abrasive is used. 


Extension of electrolytic method 


Development work is still underway on extending the 
use of the standard electrolytic machining process to 
solid materials. If it succeeds, an important advance 
will have been made. A lot of the finishing for the 
B-70, for instance, must be done after heat-treating. 
This means that some materials, like the H-11 alloys, 
will be as hard as Rg 56-58, which will make them ex- 
tremely difficult to machine by conventional chipping 
methods. 

Electric-discharge machining, long used to overcome 
the almost impossible machining problems of the tool 
and die trade, has been picked up by the aerospace 
industry to produce parts for some of our newest air- 
craft and missiles. For instance, this technique is used 
to sink contour shapes into steel honeycomb, to finish 
deep pockets in hard materials after rough machining, 
to reduce fillet and corner radii in machined parts to 

more on next page 
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MAGNETIC LENS INCANDESCENT FILAMENT 
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ELECTRON-BEAM machining is done in a vacuum. 
The magnetic lens system (whose connections are 
not shown) focuses the electron beam on the work- 
piece target. It is followed by a yoke controlling 
the sweep of the beam. 


to reduce fillet and corner radii in machined parts to 
save weight, and to “drill” holes in heat-treated parts. 

The limitations of electric-discharge machining lie in 
an inherently low material-removal rate (about 1.2 cu 
in./hr for standard machines) and in the need for 
machining with the workpiece submerged in a tank of 
dielectric liquid. Development programs are underway 
that are aimed at raising the material-removal rate. 

Japan and Russia both have introduced “fast” elec- 
tric-discharge machines powered by impulse generators. 
One Soviet model, operating on 28 kw, reportedly re- 
moves up to 20 cu in./hr of material. Using graphite 
electrodes for roughing and brass for finishing, it is said 
to sink a 5x5-in. cavity. A Japanese company claims 
to have a machine with an electrode of about 4x6 ft. 

Because of the nature of the spark erosion process, 
any increase in the electric impulse (to speed up ma- 
terial removal) results in looser tolerances and a 
rougher surface finish. A combination of the standard 
electric-discharge machining and the new “fast” 
method could be a nice compromise. 

One of the most recent techniques of chipless mach- 
ining in the aerospace industry is electron-beam bom- 
bardment. As the schematic shows, the electron beam 
is focused on the workpiece inside a vacuum dome. 
The concentrated electrons produce temperatures as 
high as 10,000 deg C at the workpiece, causing instant 
vaporization of the material. 

The beam diameter at the focal point can be made 
small enough to “drill” a hole only 0.0004 in. in dia- 
meter. Holes and slots ranging from 0.001 to 0.005 in. 
in size, with precise tolerance control and surface fin- 
ishes as fine as RMS 4, are quite practical to produce. 
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Of course, there are again limitations. The need for 
a vacuum tends to restrict the size of the part, and the 
depth of penetration with accuracy is no more than 
4 in. Continued development, it is hoped, will make 
the electron-beam technique feasible for atmospheric 
operation. 

Electron-beam units operate on high voltage but 
relatively low wattage (250-400 W), using special de 
equipment to produce a pulsating action. Pulsating the 
beam keeps the highly concentrated heat from dwelling 
long enough to spread more than about 10 per cent 
of the whole diameter or slot width. (Most of the heat 
is removed by the vaporized material.) Tape control 
attachments can be used to operate the machine and 
cut intricate shapes and patterns. 

The process can be used on almost any kind of ma- 
terial—zirconium, tungsten, molybdenum, aluminum 
oxide, the carbides, all high strength, heat-resistant 
alloys, etc. It is a proven method for intricate and ex- 
tremely difficult work in highly specialized applications. 


Still limited to small, fine work 


Ultrasonic machining is similar to electron-beam 
machining in the intricate and miniature work it is used 
for.and is also suited to the hard, “unmachinable” ma- 
terials. A concentrated stream of an abrasive liquid 
mixture is directed against the workpiece at ultrasonic 
speed. This terrific bombardment, coupled with high 
frequency physical vibrations, makes possible precision 
drilling, slicing, broaching, trepanning, and shaping. 

Like electron-beam machining, the ultrasonic-impact 
process is still limited to small, fine work in specialized 
fields, such as the manufacture of transistors, jewel 
bearings, and small extrusions and draw dies. Several 
types: of machines are on the market, most of them 
single-spindle units. Russia claims to have an ultra- 
sonic machine for doing extremely detailed work on 
hard but non-conductive materials. 

Plasma-jet machining is akin to both the electron- 
beam and the ultrasonic techniques. The plasma-jet 


UNUSUAL chem-milling pattern in an aluminum bar. 
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action is produced by a concentrated beam that raises 
the workpiece target temperature to 16,500 deg C, 
vaporizing the material. The beam consists of an arc 
of ions and electrons within a coolant wrapper that 
can be either liquid or gaseous. The coolant protects the 
material from heat damage. 

Plasma-jet machining is still in the experimental stage. 
Practical applications are being explored, and within 
the next few years plasma-jet units may be in com- 
mercial use for specialized jobs. 


Thread rolling is well established 


The material-displacement techniques, which are 
truly chipless, include thread rolling, roll forming, spin- 
ning, and certain applications of high energy forming. 
Thread rolling is now a well established production 
method. Since no material is removed from the work- 
piece, the rolled threads are inherently stronger than 
machined ones. The displaced material is packed into 
the workpiece, which is why you end up with a stronger 
part (just as you do in forging bar stock). 

Thread quality, dimensional accuracy, and surface 
finish are excellent if the correct rolling techniques are 
used. Since production rates are higher, too, no ma- 
terial is wasted, and tool preparation and maintenance 
take less time, thread rolling has become quite popular. 

Roll-forming, a later but equally promising develop- 
ment, is used to produce gears and splined shafts with- 
out cutting or grinding. Essentially, the workpiece is 
subjected to a squeezing action under considerable 
pressure between two formed rollers or flat racks. The 
displaced material is partly compressed into the body 
of the workpiece and partly forced into the shape of 
the gear tooth or spline. This technique is particularly 
well suited for high strength parts and high production 
rates. 

Spinning has been developed into a precise method 
for producing shaped parts for aircraft and missiles. 
Its basic principle is to “flow” material by pressure 
over a pattern. Exact contours and dimensions can be 


Removal Rates and Tolerances 
for Chemical Milling 
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Depth of Milling 
Etch per Total Depth of Tolerance 
Minute (in.) Cut (in.) (in.)* 
Aluminum 0.001 up to 0.020 +0.001 
0.021-0.060 +0 .002 
Magnesium 0.0013 up to 0.020 +0.001 
0.021-0.060 +0 .002 
over 0.060 +0.003 
Stainless steel & 0.0005 up to 0.020 +0.001 
heat-resistant 0.021-0.060 +0 .002 
alloys over 0.060 +0.003 
itani 0.002 
Titanium alloys 0.0005 up to 0.020 Se 
il 0.021-0.060 +0.0035 
over 0.060 +0.005 
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held with very little thinning of the material in sharply 
formed areas. Surface finishes as fine as RMS 6 pose 
no problem. 

Several types of spinning machines have been 
introduced, some for horizontal and some for vertical 
operation. Various sizes are available, so that the part 
sizes that can be fabricated range from small, hand- 
size details to conical shapes for the largest missiles. 

One of the newest techniques for producing “ma- 
chined” parts without machining is high energy form- 
ing (see “New Techniques, Greater Precision for Me- 
chanical Forming,” p. 85). For instance, an explosive 
charge can be detonated to force material into shape. 
In another technique, the instantaneous release of high 
pneumatic pressure forces material into a precision die 
cavity or through a precision extrusion die. So great 
is the pressure, and so rapid the action, that the ma- 
terial is in a plastic condition as it is forced into the 
die shape. Intricate shapes, including gear teeth and 
serrations, can be produced in this way with almost 
any metal.—End 
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TYPICAL WORK done on Cincinnati Milling Machine’s 
electric-discharge units. 


ELECTRIC-DISCHARGE machining is used to sink con- 
tour shapes, such as this rectangular one, into stain- 
less steel honeycomb cores. 
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Melting Points of Elements and Compounds (deg C) 


Prepared by Servomechanisms Research Laboratory, Servomechanisms, Inc. 


Elements Oxides Corbides Nitrides Borides Sulfides! Compounds and Natural Crystals 
Carbon (C) 3652 ThO2 3300 ATaC:1HfC 3942 HFN 3310 HfB2 3062 CeS 2450 Diamond (C) 3500 
my horium 
Tungsten (W/) 3410 | MgO 800 | 4TaC:1ZrC 3932 | ZrN 2980 | ZrB2 3060 | ThS >2200 | Zirconate (ThO2-ZrO >2800 
Tantalum (Ta) 3027 HfO2 2777 HFC 3887 TaN 2980 TaB2 3000 Hfs 2100-2900 o : 8 
Osmium (Os) 2700 ZrO2 2677 TaC 3877 TiN 2950 WB 2990 ZeS 2050-2150 Aves eaeP 2490 
alcium Zirconate 2345 
Molybdenum (Mo) 2625, } CeOz 2600 | ZrC 3530 | BN 27302 | TiBs 2900 | BeaS >2000 aO-ZrOz 
Tungsten} Silicide (WSiz 2180 
Iridium (Ir) 2454 | CaO 9600 | NbC 3500 | ScN 9650 | ThBi >2500 | MS  >9000 See 
Niobium (Nb) 2415 BeO 2550 Tac 3400 UN 2630 BsiC = 9.450 SrS > 2000 Spiel (MgO-Al2Os) 2135 
Boron (B) 2300 SrO 2415 TiC 3140 ThN 2360 UB, <2400 Us <2000 Sapphire (AlzOs) 2050 
‘ Molybdenum Silicide 2030 
Hafnium (HA 2110 CreO3 2965 WC 2867 AIN 2930 UBz 2360 TiS 2000-2100 (MoSiz) 
Rhodium (Rh) 1996 TixO03 2130 WC (beta) 2857. loBesNz 2200 MoB 2180 ThSe 1905 Peroyskite (CaO-TiO2z 1975 
Aluminum Titanat 1895 
Chromium (Cr) 1890 AlzO3 2015 VC 2830 VN 9030 ThBs >2100 PbS 1114 (Al2O3-TiO2). 
Zorconium (Zr) 1830 V203 1977 MoC 2692 NbN 2030 VB2 2100 AloSs 1100 Crysoberyl (BeO-Al2O3) 1870 
Thorium (Th) 1827 BaO 1917 Mo2C 2687 Y4SisNs 19002 Mo3B2 2070 Mullite (2Al203-2SiO2) 1830 
Beryllium Titanate 1800 
Platinum (Pt) 1774 TaxOs 1890 ThCe 2655 CrN 1770 NbB >2000 (2BeO.-TiO2) 
Vanadium (V) A735 TiOz2 1840 ThC 2625 TaB_ >2000 Magnesioferrite (MsFe2O4) 1760 
Titanium (Ti) 1725 CoO 1805 SiC 2600? MoBz 2000 Titanium Silicide (TiSi2) 1540 
Palladium (Pd) 1549 TOP a1750 BuC 9450 CrBz 1850 Zirconium Silicide (ZrSiz) 1520 
lron (Fe) 15e5 SiOz 1728 UC2 2350 FeB 15503 Beryl (BesAI2SisOis) 1410 
Cobalt (Co) 1495 LixO 1700 UC 9950 FeeB 1389 
Nickel (Ni) 1455 Fe2O3 1565 Bex 21005 NixB 19303 
Silicon (Si) 1420 FesO4 1538 Cr3C2 1890 NisB2 11703 
Beryllium (Be) 1278 WO: 1473 U2Cs 18005 AIBz 11003 
Copper (Cu) 1083 FeO 14920 Cr7Cs 1665 CrB }*! 10383 
Gold (Au) 1063 CuO 1096 FesC 1650 NiB ; 1020 
Silver (Aq) 961 CroaCo 1550 
Germanium (Ge) 959 MnsC 1520 
Barium (Ba) 850 AlaCs 1400 
Calcium (Ca) 842 
Strontium (Sr) 757 
Aluminum (Al) 660 
Magnesium (Mg) 651 
Antimony (Sb) 631 
Arsenic (As) 6152 
Tellurium (Te) 4592 
Zinc (Zn) 419 
ae (Pb) Ca 327 
SeatinNs ) 3 (1) Stoichiometric sulfides are not 
Tinton) 939 listed. (2) Sublimation temper- 
Selenium (Se) 217 ature. (3) Approximate. (4) De- 


composition temperature. 


Recommended Welding Processes 
From “ARDC Production Design Handbook”’ 
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S—Satisfactory, R-Recommended, NR—Not Recommended, NA—Not Applicable 
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_ Production know-how gaining on 


superalloys and 
refractory metals 


e Heat-resistant metals produced with 
uniform properties 


e Popular superalloys available from 
many suppliers 


by R. H. Sparling, Design Specialist, 


Convair-Pomona* 


Tue THREE MAJOR problems of heat-resistant 
metals for aerospace vehicles—lack of uniformity, 
limited supply, and difficult fabrication—largely have 
been overcome. 

The use of strong, stiff, or heavy metals necessarily 
poses some problems. It is not enough to make René 
41 or molybdenum parts to the dimensional toler- 


* Convair Div., General Dynamics Corp., Pomona, Calif. The author 
wishes to acknowledge the help of Allegheny Ludlum Steel, Fansteel, 
General Electric, Haynes Stellite, International Nickel, Kelsey Hayes, 
Stanford Research Institute, Universal Cyclops Steel, and Westing- 
house, Electric. 


Table I: Effect of Cold-Work on Hastelloy R-235 


Ultimate 
Yield Tensile Elonga- Erichsen 
Strength Strength tion Cup Bend 
Condition (ksi) (ksi) (percent) (mm) Radius 
Mill-annealed 129 175 45-50 10-12 YT 
Cold-worked 
10 percent 150 180 29-36 7-9 if 
20 percent 155 190 14-90 614-734 34 T 


ances used on magnesium or aluminum parts. The 
heat-resistant metals are so much heavier (Fig. 2) 
that an extra 0.001 in. on a part unquestionably rep- 
resents a significant weight increase. Thin skins and 
precise machining are basic requirements. 

The superalloys are generally used to about 1700 
deg F and the refractory metals at higher tempera- 
tures. Superalloys (Table III) fall into three classes: 

e Complex Ni-Fe-Cr alloys with or without cobalt 
are cheapest to fabricate. 

e Nickel-base alloys are strongest in the 1200- 
1600-deg-F range but harder to handle in the shop. 

e Cobalt-base alloys have especially good oxida- 
tion resistance above 1600 deg F. 

Most of the high strength alloys are precipitation- 
hardening (PH) types and usually contain some alu- 
minum and titanium. Yield strengths above 100,000 
psi at 1500 deg F are not uncommon. The relative 
positions of the various alloys in Figure 3 may be 
changed by differences in heat-treat, test conditions, 
or cold-work. 

If long exposure to high temperatures is expected, 


Code: X—Readily available, W—warchouse L—lab 
(1) Including F-80 and F-89 alloys. (2) Including O.STi alloy.” 
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FIGURE 1: Tensile strengths of production and experi- 
mental refractory metals (top) and 100-hr rupture 


creep and therefore rupture strength are of para- 
mount importance. As Figure 4 shows, nickel-base 
castings are superior at the higher temperatures. 

The machining practice for superalloys is similar 
to that for the 18-8 stainless steels, except that more 
power is needed. Since these metals work-harden 
rapidly, the machining equipment must be very rigid 
—it must be over-powered as much as possible. Tools 
must be sharpened and indexed frequently. Feeds 
and speeds must be lower than for conventional air- 
craft metals and cuts heavier. 


Complex Fe-alloys easiest to handle 


In general, the complex iron-base alloys, like A-286 
and Discaloy, are easiest to handle and the nickel- 
and cobalt-base ones more difficult (Table IV). Never- 
theless Hyanes-Stellite recently listed over 350 fabri- 
cators with experience on nickel- and cobalt-base alloys. 
Alloy producers, incidentally, can supply much data on 
tool materials and design, cutting fluids, and recom- 
mended machining practices. 

Sometimes chem-milling is better than machining. 
For Inconel X, for instance, it gives a removal rate 
of about 0.001 ipm, with tolerances of roughly 0.002 
in. over the original dimensions. 
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strength of refractory metals. Bottom right: Modulus- 
density ratio of superalloys vs temperature. 


Though the superalloys resist deformation in the 
forging temperature range because of their high 
strength, most of them are actually being forged into 
quite intricate shapes. The iron-base alloys are easiest 
to forge, and next come the Fe-Ni-base types like 
D-979. The nickel- and cobalt-base alloys are more 
difficult. Still, complex die forgings such as turbine 
wheels with integral blades are common production 
items in these latter alloys. 

Most superalloy compositions can be obtained as 
investment castings. 

Cold-forming goes amazingly well when these al- 
loys. are in the annealed or solution-treated condi- 
tion. Discaloy bolts are cold-headed and the threads 
cold-rolled. Inconel X parts for the X-15 airframe 
include flanged and formed corrugations, spun bulk- 
heads, beaded and chem-milled panels, power-formed 
ogives, and hydroformed cones. 

Cold-forming takes plenty of power, and most of 
the higher strength alloys require intermediate an- 
neals, since they work-harden so quickly. The cold- 
working is a great asset for short-time exposure to 
heat, for many superalloys get their maximum strength 
from a combination of cold-work and heat-treat. 

Cold-working does reduce ductility and therefore 

more on next page 
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Table Ill: Availability of Superalloys 
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Table IV: Machinability of Superalloys 


X—available, M—mill stock, W—warehouse. Asterisk indicates limited amount. 


*After solution treatment. 
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FIGURE 2: Density of heat-resistant metals. Rectangle 
at lower end of the curves indicates values for A-286, 
Discaloy, W-545, U-600 and -500, Inconel 700, D-979, 
R-235, Waspaloy, René 41, M-252, and Hastelloy; cross- 
hatching indicates values for N-155, Inconel X, V-36, 
J-1570, AF-1753, and Nicrotung; open circles indicate 
values for S-816 and Refractaloy 80; and the triangle 
indicates the value for L-605. 


fabricability (Table J). But simple forming can be 
done on cold-worked alloys if you are careful. Some- 
times the forming operation itself contributes to in- 
creased strength. 

Table V shows typical heat-treat cycles for some 
of the PH alloys. One of the best things about the 
superalloys is that their properties can be varied 
extensively by heat treatment, which helps you to 
get maximum strengths for specific applications. For 
instance, the maximum short-time strength of René 
41 is achieved by 1950-deg F solution treatment and 
a 16-hr, 1400-deg F age. But if long-time service 
is needed, higher stress-rupture values are obtained 
by solution treatment at 2150 deg F and aging at 
1650 deg F for four hours. Manufacturers can sug- 
gest optimum heat-treat cycles for different service 
conditions. 

For stress-relieving and annealing, nickel-base al- 
loys should be heated through the 1200-1400-deg 
F range as quickly as possible. Otherwise they may 
age before the stress relief is achieved. ae 

Since nickel-base metals are more susceptible to 
sulfur embrittlement than steels, they should be cleaned 
very carefully before heat treatment. Alloys like HS 
respond well to sodium hydride baths. 

Welding of PH alloys is standard practice today. 
All the common fusion and resistance welding meth- 
ods, except for the submerged-arc technique are being 
used successfully on the superalloys. Welding is 
always done on fully annealed or solution-treated 
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FIGURE 3: Yield strengths of some superalloys at 0.2 
per cent offset. 
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material with good alignment, a minimum of re- 
straint, and a lot of power. 

Welded parts are formed, spun, and flanged without 
trouble. The welded Inconel X tank for the X-15 
was spun to final size; problems with cracks in the 
weld area that developed during spinning were solved 
by preparatory precision-milling and _ roll-planishing 
of the welds. 

One of the newer applications of welded structure 
is the resistance-welded sandwich. HS-25 (L-605) sand- 
wich is being tested for the Talos nose. 

Brazing is harder to do on PH metals—the alu- 
minum and titanium oxides that form on the surface 
keep the braze from wetting the base metal. A Ni- 
Cr-B braze in an extremely dry hydrogen atmos- 
phere or a vacuum, however, gives excellent results. 
Also, the surface can be given a thin plating of 
nickel before brazing. Alloys like Hastelloy X, N-155, 
and HS-25, which suffer no Ti-Al hardening, are readily 
brazed without these precautions. 

In fact, all the usual hot- and cold-forming, ma- 
chining, and joining processes used on conventional 
aircraft metals are also being applied to superalloys. 
The latter require more power and care, but the 
results are equally good. 


Refractories are coming forward 


The high-melting-point, or refractory, metals are com- 
ing forward very fast as aerospace structural mate- 
rials (Tables I]& V1). Two drawbacks—poor oxidation 
resistance and difficult fabrication—are being com- 
bated by work on protective coatings, new alloys, 
advanced processing methods. Major recent develop- 
ments include molybdenum castings, highly ductile 
molybdenum sheet, stronger columbium alloys, and 
the high speed fabrication of tungsten and new tan- 
talum alloys. 

Because of their high melting points, most refrac- 
tory metals are prepared by powder metallurgy. Mo- 
lybdenum, of course, can be arc-cast. (There are 
often significant differences in the properties of arc- 
cast and powder-metallurgy molybdenum. ) 

Molybdenum, especially as the 0.5Ti alloy, is the 
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most widely used refractory metal. Tantalum and 
columbium, both soft, ductile, and easily worked, 
are becoming increasingly popular. Tungsten is just 
coming into the picture as a structural metal, while 
rhenium is still a lab product. 

Several values in Table VI are of peculiar im- 
portance for refractory metals. For instance, it’s es- 
sential that you know the recrystallization tempera- 
ture (which is affected by size and previous working) 
and don’t exceed it in processing. All these metals 
gain strength through working and_strain-hardening, 
rather than through heat treatment. The added 
strength is lost at temperatures above the recrystalli- 
zation temperature. Also, the metal in the recrystall- 
ized state is much weaker, even at room temperature, 
than the worked material. 

Oxidation at high temperature is a problem for 
the entire refractory group, but especially for molyb- 
denum. Above 1500 deg F, this metal may oxidize, 
vaporize, and completely disappear in a short time. 
Rhenium has an even more volatile oxide and vapor- 
izes at 700 deg F. Columbium is also subject to 
internal oxidation, which causes embrittlement. 

Fortunately, a number of good coatings is com- 
mercially available. No single coating, though, meets 
all operating needs. Two of the most promising coat- 
ings are Chromalloy W-2, a cementation type, and 
Al-Si-Cr, which is sprayed on. Precious-metal and 
Ni-Cr plating are useful up to about 2000 deg F. 

The bend transition temperature (Table V1) affects 
fabricability because below it refractory metals frac- 
ture in a brittle manner. Molybdenum and tungsten 
must be heated for fabrication and handled with 
care in the shop to avoid damage. 

Table VII lists some currently available alloys. The 
0.5Ti molybdenum alloys have high strength and high- 
er recrystallization temperatures than the pure metal 
—-2200-2450 deg F instead of 1800-2200. Many other 
compositions are still in the lab stage. In tungsten 
alloys, 30-50 per cent rhenium is said to lower the 
bend transition temperature and aid in working. There 
is also a 70Ta-30W alloy workable at room tempera- 


ture. 
more on next page 
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Table V: Heat Treatment of Typical PH 


Superalloys 
a cos a A ts AS A aE Shoe rae 


Anneal Solution Treat p 
(hours at (hours at Aging 
degrees F) | degrees F) (hours at degrees F) 
2 a = | = 
lron-Base Alloys 
Discaloy 2 @ 1850 2 @ 1856 20 @ 1350, 20 @ 1200 
A-286 1 @ 1850 1 @ 1800 16 @ 1350 
D-979 1 @ 1850 1 @ 1850 6 @ 1550, 16 @ 1300 
Incoloy 901 2 @ 1850 2 @ 2050 94 @ 1375 
Nickel-Base Alloys 
Inconel X 44 @ 1950 2 @ 2100 24 @ 1550, 20 @ 1300 
Incone! 700 2 @ 2050 2 @ 2160 4 @ 1600 
Incoloy 901 bar 2 @ 2050 2 @ 2050 24 @1375 
Incoloy 901 sheet | % @ 1950 4 @ 1950 2 @ 1400 
Udimet 500 2 @ 2150 4 @ 1975 24 @ 1550, 16 @ 1400 
Udimet 600 2 @ 2150 4 @ 1975 24 @ 1550, 16 @ 1400 
M-252 4 @ 1950 4 @ 1950 15 @ 1400 
R-235 1 @ 2150 1 @ 2000 La Ab ae vee 
René 41 % @ 1975 Y @ 1950 16 @ 1400 
Cobalt-Base Alloys 
S-816 1 @ 2150 1 @ 2150 16 @ 1400 
J-1570 4 @ 2150 4 @ 2150 16 @ 1650 
V-36 1 @ 2250 1 @ 2250 16 @ 1400 
Refractology 901 2 @ 2050 2 @ 2050 24 @ 1375 


Figure I shows some mechanical properties for 
refractory metals. As manufacturers gain experience 
in alloying and treating these materials, higher 
strengths will be achieved. What can be done is 
shown, for instance, by the difference between pure 
columbium and the new experimental alloys. 


Cb and Ta are hard to machine 


Molybdenum is fairly easy to machine—like a steel 
at Rg 30 but with more abrasion. It requires rigid 
equipment, carbide tools, and plenty of coolant. 
Punching, stamping, or sawing are liable to split or 
crack it. It should be cut with an abrasive cutoff 
wheel flooded with coolant or heated to 400-1000 
deg F for shearing. 

Columbium and tantalum, on the other hand, are 
aimost too ductile. They tend to flow and “gum up” 
when sawed or machined, and tantalum also galls 
badly. With sharp tools, shearing is no problem. Be- 
cause of their low rate of work-hardening, these 
metals can be punched and stamped easily with 
no danger of springback. 

Tungsten is very difficult to machine or saw. Grind- 
ing at low speed with continuous water cooling is 
about the best finishing method. Tungsten can be 
sheared, punched, and stamped if both tool and met- 
al are hot (750-2000 deg F). Sheet 0.005-0.01 in 
thick may be sheared at 1100-1500 deg F, when the 
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Table VI: Refractory Metals 
UELILOREN OP PE Stee GIRO ee 


Co Mo Ta Re Ww 
Melting point (deg F) 4380 4750 5425 5755 6150 
Density (Ib /cu in.) O731 0.37 0.60 0.76 0.70 
> Thermal expansion at 
(dee F) temperature NG) 3.1 ae a6 2.8 
eee tal ee ae | eerie 2.4 21.3 |85. 19.2 
Wt cone 
btu /hr) t /ft 
ce F). fe 30.5 yf 32 fe 83 
iti t 
artis dee F) 0.064 0.061 0.0356 0.034 


Rec llization t - 
aie Gaara 1650-2400|1800-2200]1925-2725| 2550 |2375-2725 
Stre lief t 

; sure Glad ane 1500-1950]1650-1800]1650-1950}2000*) 1800-2200 


Bend transition temp- 


erature (deg F) —200 0-100 —200 300-700 
Relative severity of 
oxidation 4 2 5 1 3 
Oxide Volastilization 
reioerarcre (deg F) 2500 1500 2500 700 1850 
Fabricability good poor good poor | very poor 
Fabricat temper- 
paureGen De rt | 400-2000] eT | RT | 750-3000 
Modulus (107 psi) 20 46 Q7 67 59 
Strength (ksi) 
cs oe 50 55 67 165 100 
Cold-worked 100 115 150 300 400 
At 1800 deg F 1S 99 85 36.5 
Stress peas Rata 
100 hr @ 1800 deg 
F (ksi) 22 28.5 
*Annealed. 


thickness increases to 0.125 in., the temperature must 
be raised to 2200 deg F. 

It’s usually better to forge, spin, or extrude all 
the refractory metals as closely as possible to the 
final desired dimensions, in view of the high cost of 
machining. These metals can all be hammer-, diec-, 
and impact-forged. The forging of tungsten shapes is 
a new development, made possible by the use of 
high power and rapid working. 

Casting methods for molybdenum have just been 
developed—too recently to evaluate the resulting 
strength properties. Casting to shape should eliminate 
many fabrication steps and reduce the cost of the 
finished parts. Tungsten is being slip-cast into nozzle 
shapes. 

A unique new method is the spraying of metal 
power parts. Tungsten, tantalum, and molybdenum 
can be deposited on a mandrel, either to line an- 
other material or to form the entire part. The mandrel 
later is leached out. Good density and tolerances of 
+0.002 in. are attained. 

Columbium and tantalum are very ductile and easy 
to form, spin, twist, draw-bend, etc., at room tem- 
perature. Reductions of up to 90 per cent may be 
taken at room temperature without an intermediate 
anneal. Molybdenum presents a problem with its 
tendency to laminate or crack and its lack of ductility 
at room temperature. It must be moved hot (Fig. 5). 

Temperatures used successfully on molybdenum are 
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(in degrees F): drawing, 250; spinning and hydro- 
spinning, 600; stretch-wrapping, 1200; spinning at 
over 0.125 in. thickness, 1800. The metal should be 
stress-relieved before spinning. 

New, highly ductile 0.125-in.-thick molybdenum 
sheets that can take 90-180-deg bends at room tem- 
perature without cracking have just been announced. 


Important recent W breakthrough 


Welcome recent news is that tungsten can be spun, 
deep-drawn, and die-formed if it is worked rapidly. 
Tungsten heats fast, because of its high thermal con- 
ductivity, but also quickly loses heat, because of its 
low specific heat. High rates of deformation and 
high temperatures make it possible to work tungsten 
into the desired shapes. 

For die-forming, thin sheets and tools must be 
heated to 600-1100 deg F; blanks of over 0.1 in. 
must be at 2000 deg F or hotter. Deep-drawn parts 
up to 0.17 in. thick and spun sections of 0.125 in. 
are being made of tungsten. 

The refractory metals cannot be strengthened by 
heat-treat, but they can be stress-relieved for fab- 
ricating. Because they tend to pick up gases at high 
temperatures, all work above 650-700 deg F should 
be done in a hydrogen or inert-gas atmosphere or 
in a vacuum. For tantalum, only extremely good 
vacuum equipment is satisfactory. 

Cleaning these alloys is something of a problem. 
Molybdenum and tungsten may be cleaned in a molt- 
en-salt bath, sodium hydride, or chromic acid; co- 
lumbium and tantalum are cleaned only by acid. 
Mechanical cleaning is best. 

Molybdenum can be welded—the 0.5Ti alloy more 
successfully than the pure metal. A method for resist- 


Table VII: Analysis of Some Refractory-Metal Alloys 
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ance welding is just being developed. Because of 
molybdenum’s high electric and thermal conduct- 
ivities, it requires extremely high power. With pre- 
heating, quick welding, postheating, and forging, 
spot welds with shear strengths of 900-1000 Ib for 
0.04-in. sheet and 1800-1900 Ib for 0.056-in. sheet 
have been produced in the 0.5Ti alloy. 

Fusion welding of molybdenum often produces 
brittle welds, laminations, or cracks. Up to 0.06 in. 
thickness, ductile welds can be obtained. Close control 
of preheat is necessary and, of course, complete 
protection from air—either weld in a chamber or 
use gas blankets. 

Because of their reactions with gases, columbium 
and tantalum must be completely shielded. The former 
makes very ductile welds when shielded with very 
pure helium. The welding practice generally is very 
similar to that followed on titanium. 

Tantalum can also be heliarc-welded, and resistance 
welds can be made under water if you take care 
not to use too much pressure. Tungsten can be re- 
sistance- and heliarc-welded. 

Brazing is a long-established method for joining 
molybdenum to electronic components. Brazing alloys 
with copper, nickel, columbium, cobalt, platinum, pal- 
ladium, and molybdenum bases are being evaluated 
for high temperature sandwiches. For 0.5Ti molybden- 
um, the palladium brazes appear most promising. 

Satisfactory brazes are made by the oxy-acetylene 
torch and resistance processes as well as by induction 
and furnace methods. In all cases, careful cleaning 
and preparation are mandatory. A vacuum or a pro- 
tective atmosphere is needed for high-melting brazes. 

The requirements for brazing columbium and tan- 
talum are similar to those of the welding processes 
for these metals.—End 


FIGURE 5: Fabricating temperatures for 
refractory metals. Columbium and 
tantalum are usually formed at room 


Com- Melt- temperature; only heavy sections are 
cially Point slightly heated for spinning. For both 
Avail- (deg | Den- molybdenum and its 0.5Ti alloy, the re- 
i RSA Sal 74 F it ; ; : 
lela blared igulateoles| pasion : ) a lationship between metal thickness and 
1523 fabricating temperature is nearly linear. 
For tungsten, too, fabricating tempera- 
Molybdenum* tures increase with thickness; further- 
alle ay ae: OF peed Pale Boks more, much higher temperatures are 
needed for sheet bending than for shear- 
ing and stamping. 
eae per yes bal. 10 10 4100 | 0.999 3000 T T] 
Fansteel F-80] yes bal. 0.7 | 4350 | 0.311 asi | | 
Fansteel F-82] yes bal. 33 0.7 | 4550 | 0.371 é | 
GE F-48 no bal. 5 15 | 1 | 4500 | 0.33 wa (sce eS 
GE F-50 no bal 5 15 1 | 4400 : | 
H-S 1 no bal. 5 10 5 2400 | | 
Les 64 no 3 | bal. 3 an | | 
= 2000 
Tantalum Z 1900 | | 
Temescal yes bal. 10 mee ale eed SI 
Fansteel no bal. ae 5 
Fansteel yes bal. 2 = 1400-—4 mare 
= 1200b 4+— 
junesten (pie : bel 1000}- - ical + 
anstee ws yes 4 800 
Fansteel 77 yes 4 7 bal. ecieot 


*Y/estinghouse, Universal Cyclops, and others are working on experimental new alloys 


on which no data are available. 
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New resins lead 


structural plastics development 


» Several approaches used to get higher 


temperatures 


e Filament winding is favored 


by E. J. Zeilberger and J. H. Lieb, 
Supervisor and Senior Research Engineer, 
Materials Engineering, Rocketdyne Div., 
North American Aviation, |nc.* 


Table I: Properties of Phenolics 


IN HIGH TEMPERATURE resins, steady, if un- 
spectacular, progress has been made in the past few 
years. Improvements now are the results of modifica- 
tion and copolymerization of well-known resin types 
rather than of the discovery of radically new poly- 
mers. This situation probably will remain unchanged 
until research in inorganic polymers produces market- 
able materials. 

Examples of recent progress are the phenyl-silane 
copolymers, epoxy-novolacs, and peracetic-acid-type di- 
epoxides. These resins all were developed to meet in- 
creasing temperature requirements. The phenyl-silanes 
were designed to add to the high strength of phenolics 
the thermal stability of the silicones. They have added 
about 200 deg F to the upper temperature limit of the 
standard phenolics (Fig. 2). 

The strengths reached by phenyl-silane are not so 


* Rocketdyne Div., North American Aviation, Inc., Canoga Park, Calif. 


FIGURE 1: Small propellant tank combines circumferential and helical 
filament winding. The hemispherical metal end fittings support the 
break-away mandrel during winding. The wound-in mounting brackets 
are held in place by the circumferential wrap. 


Table II: Specific Design Strengths 


| 


Y, 
J 17-7PH Cres steel 
pane Hexual Flexural Modulus C eral 7 Rarkeong Sepang 
Renadcod : onductivity Z 
sth (psi) (psi) from 100 to 7 410 Cres steel 496,000 
500 Deg F % 
At Room| At500 |At Room} At500 | (Btu-in. /hr- U; 4130 Cres steel 480,000 
Temper-| Deg F | Temper-| Deg F sq-ft-deg F) Z ( 
ature ature ] 6061-T6 Al 350,000 
Y 
GY 
Y 1075 T6 AI 650,000 
Refrasil 25,000 | 3.1X10° | 19,000 1.9-9 ] : 
Glass phenolic 50,000 | 3X10° | 40,000] 3x10° | approx. 1.8 ] pitas 700.000 
: : ZG 
Asbestos phenolic | 50,000} 5X10° | 45,000 | 4.5X108 | 0.87-1.49 j Fiberglass epoxy (non-directional) 740,000 
Y 
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EFFECTS of exposure to a 
5000-deg F oxy-hydrogen torch 
on steel, glass-reinforced, and 
quartz-fiber-reinforced panels. 
(I. to r.) The exposure time for 
quartz was more than three 
times longer than for the other 
samples. 


high as those of straight phenolic. However, the tem- 
perature curve of this copolymer is quite flat, so you 
can depend on reasonably uniform properties over a 
wide temperature range. Since the phenyl-silanes are 
quite new, we can assume that resin improvements will 
push its room-temperature flexural strength beyond 
80,000 psi in the near future. 

The epoxy-novolac resins achieve heat stability 
through high “functionality”, which is the term for the 
reactive sites in a resin molecule. The more of these 
sites there are, the greater will be the degree of cross- 
linking when the final space lattice is formed and the 
more stable the resin. The high softening points and re- 
sistance to degradation of resins largely depend on the 
funciionality wf the starting material. Standard epoxy 
resins—even in a purified state—cannot have a func- 
tionality greater than 2. The epoxy-novolacs have a 
functionality of 3-4 and so offer almost twice as good 
an opportunity for reaction. 

The more highly cross-linked structure of the epoxy- 
novolacs and the rigid, short methyl linkage between 
their phenyl groups appreciably improve physical prop- 
erties. After anhydride cures, heat distortion tempera- 
tures of 568 deg F have been reported for resins of 
this type. 

This is about 135 deg F higher than the values re- 
ported for conventional epoxies cured in the same way. 
Figure 2 also shows the effect of temperature on the 
flexural strength of epoxy-novolacs. 


Distortion points as high as 572° 


Recently several diepoxides based on derivatives of 
cyclohexene oxide have been introduced. In this per- 
acetic-acid type resin, at least one epoxy group is at- 
tached directly to a phenolic ring with a closely packed 
molecular structure. Resins of this type cure quickly 
with various anhydrides in the presence of basic cata- 
lysts and have heat distortion points as high as 572 
deg F. 

The flexural-strength curve for this resin type is quite 
flat to 400 deg F. Room-temperature strengths, how- 
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ever, are not so high as those for bisphenol A or the 
novolac resins. 

The study of cure systems for this resin type is just 
starting. It is expected that resin systems with improved 
handling characteristics and properties will result. Fig- 
ure 2 shows that, while bisphenol-type resins fall below 
40,000 psi at about 300 deg F, the novolac types keep 
this strength beyond 400 and the peracetic-acid types 
beyond 500 deg F. 

Among high temperature reinforcing materials, the 
first material to be explored was Thompson Fiber Glass’ 
Refrasil, made by acid-leaching glass fibers until all 
their materials except silica are extracted. The remain- 
ing porous structure then is sintered at high tempera- 
ture. It shrinks and pulls the almost pure silica fibers 
together. Refrasil has only about 25 per cent of the 
strength of glass fibers, but the useful-strength temper- 

more on next page 


FIGURE 2: Flexural strengths of laminates of typical 
phenolic resins and 181 glass fabric in tests at tempera- 
ture after half an hour at temperature. 
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ature limit is increased by almost 300 per cent. 

Refrasil laminates have their greatest potential be- 
tween 1500 and 2500 deg F. Some typical applications 
of Refrasil are in rocket engine parts, nose cones, and 
heat insulation shields. ie 

An even higher temperature reinforcing material is 
quartz. The advantages of quartz fiber over materials 
like Refrasil are that its original strength is somewhat 
greater, its modulus of elasticity is very close to that 
of E-glass, and its usable-temperature range extends 
to slightly higher values. Continuous length quartz fila- 
ments are commercially available. 

The big drawback of this material is price—quartz 
fibers still are about $60 a pound. 


Cooling through good dehydration 


Asbestos is becoming a leader among heat protection 
laminates. Asbestos felts combined with phenolic resins 
have about twice the room-temperature strength of 
Refrasil laminates and comparable strength retention 
at 500 deg F (Table 1). 

Another advantage of asbestos-based laminates is 
that asbestos starts to dehydrate at 600 deg F, with de- 
hydration continuing to 2000 deg F. Dehydration has 
a cooling effect, since it uses up heat for the vaporiza- 
tion of moisture. 

Programs sponsored by BuAer and WADC’s Mate- 
rials Lab have led to a unique reinforcing material—high 
modulus glass. This new glass has a modulus of better 
than 1.8x10%, as against about 107 for E-glass. This 
development will enable the designer to use the ulti- 
mate in strength in his laminates, yet have a thin struc- 
ture that won’t deform too much. The new glass also 
will result in a better match of moduli for composite 
structures of metal and fiberglass-reinforced plastic. 
This match is important in designing metal liners and 
fittings for tanks, solid propellant rocket casings, etc. 

The main problem with the new glass is that the in- 
crease in modulus is achieved by the addition of beryl- 
lium oxide, and beryllium and its salts and oxides are 
considered extremely toxic. Researchers therefore are 
trying to find out whether beryllium in high modulus 
glass may not exist only as a complex silicate and there- 
fore be relatively harmless. 

In the production of the new resins and reinforce- 
ments, filament winding has been attracting the greatest 
attention. With this versatile process, shapes are pro- 
duced by winding and curing a continuous, resin-im- 
pregnated roving of yarn strand on a mandrel. Its ap- 
plications range from the nose spike of the Lockheed 
X-7 to the combustion chamber of the Thor IRBM. 


Hoop strengths of 180,-200,000 psi 


Wound parts are being made with hoop strengths of 
180,-200,000 psi. At 200,000 psi, fiber-glass-reinforced 
epoxies with a specific gravity of 2.1 have a specific 
design strength (strength divided by density) of 2,640,- 
000 in. (Table I). 

Although few current designs achieve 200,000 psi, 
150,-160,000 psi is fairly common, and higher values 
are not far off. Special test parts made at Rocketdyne 
have achieved room-temperature tensile strengths of 
225-250,000 psi and room-temperature flexural 
strengths of 275,-300,000 psi. 

When a metal layer takes some of the stresses in a 
composite design, filament windirig is used as an ex- 
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ternal reinforcement over a metal structure, so that no 
further mandrel or winding form is needed. Large li- 
quid-propellant thrust chambers with a circumferentially 
wound glass fiber epoxy resin reinforcement over a 
basic metal structure have been fired for many hundreds 
of seconds at rated thrust without failure of the rein- | 
forcement. ; 

In other cases, a very thin, impermeable liner of 
metal or rubber is needed. For designs in which the 
fiber-glass-reinforced plastic is the sole load-carrying 
member, mandrels made of low-melting alloy, break- 
away plaster, or wax therefore are used. 

The problems of casting a mandrel that may weigh 
many tons and of handling it must be carefully thought 
out. In selecting mandrel materials, you have to con- 
sider the effects of heated resins, hot-air blowers, or 
heat lamps as used during winding. 

Figure 1 shows a small propellant tank that uses both 
circumferential and helical winding. This construction 
gives a better distribution of hoop and longitudinal 
properties. 

Successful filament winding of radomes largely de- 
pends on maintaining a uniform resin content and very 
close mechanical tolerance. To insure the necessary ac- 
curacy, sometimes the same machine is used for grind- 
ing the mandrel, winding the structure, and machining 
the final contours. 

Most filament winding applications so far use epoxy 
and polyester resins. These are handled readily in a 100 
per cent solids, wet winding operation. The application 
of phenolics to filament winding has been delayed by 
two problems: 

e The phenolics are not available as 100 per cent 
reactive systems, but only as “varnishes” or solvent 
solutions. 

e They cure by condensation reactions that form 
gaseous byproducts, which in turn reduce the cure pres- 
sure and lead to porous structures. 


Reactivity problem may be solved 


Pre-impregnated, B-staged roving appears to offer a 
workable solution to the first problem and is being 
studied closely by several firms. Such a material, how- 
ever, will require new winding methods. 

Research on glass-reinforced materials for ablative 
nose cones and heat shields several years ago led to 
discoveries about fiber orientation that are applied 
widely today. Researchers found that, if the fabric 
orientation presents the ends of the reinforcing filaments 
to the high speed gas stream, high temperature per- 
formance is far better than if the gas flow is parallel to 
the fabric layers and so to the filament axis. 

The so-called end-grain configuration makes rein- 
forced plastics even more suitable for extreme temper- 
ature designs than they have always been. With each 
filament axis normal to the surface exposed to the gas 
flow, the exposed tip may melt, but the buried end is 
securely held in the cool inner part of the laminate. 
The latter therefore erodes uniformly, and there can 
be no sloughing off of complete layers. 

End-grain tapes are available in glass, Refrasil, and 
asbestos. They are used in nozzle designs, with the tape 
wound on a mandrel so that the filaments are all normal 
to the nozzle axis. Such a construction is highly erosion- 
resistant, buts its physical strength is low. External rein- 
forcement, either filament- or fabric-tape-wound, is 
generally used.—End 
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Bonding and 
welding: 
ideal for new aerospace materials 


Basic studies of bonding and welding pave the way 
for wider use of these processes on new materials 


Bonding 


spi. 


by George D. Cremer, Senior Staff Engineer, Solar Aircraft Co.* 


Srrucrurar SANDWICH assemblies offer the 
best way of combining aerospace materials in config- 
urations with maximum strength-weight ratios. They 
may be bonded with adhesives or ceramics or by braz- 
ing, welding, or solid-phase diffusion. In addition, at- 
tempts are being made to develop “unbonded” integral 
core-to-facing structures by inflating a specially pre- 
pared metal sheet (e.g., “tube-in-strip”) or by laying up 
an integral fabric sandwich that is then resin-impreg- 
nated and cured. 

Adhesive bonding is widely applied. It uses fairly 
low temperatures (room temperatures to 450 deg F) 
and provides low cost production of complex, large 
assemblies. The wide variety of lay-up and curing 
methods includes hand-wrap, vacuum-bag, steam- or 
hot-air-autoclave, hot-platen-press, oil-bag-platen, elec- 
tric-blanket, and dielectric-heating techniques. 

Military specs adhesives limit current service tem- 


* Solar Aircraft Co., San Diego 12, Calif. 
more on next page 


COPPER-BRAZED hydrogen-oxygen rocket engine follow- 
ing the first-stage assembly of a stainless steel channel 
core with a ribbon-wrap outer facing. Fuel manifolds and 
external support rings are still to be secured by a second 


brazing operation. 
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peratures from —67 to 500 deg F. But researchers 
hope to develop adhesives for very low as well as very 
high temperatures. New inorganic polymers and ce- 
ramic adhesives are among the possibilities under study. 
Braze bonding complements adhesive bonding by 
extending the useful temperatures at both high and 
low extremes. For instance, brazed-steel sandwiches 
can operate from absolute zero to at least 2100 deg 
F. Specially brazed molybdenum sandwiches look 
promising for 3000 deg F, and brazed tungsten 
structures could undoubtedly push the ceiling to over 
4000 deg F. . 
Braze bonding is a high temperature metallurgical 
process that calls for highly specialized heating equip- 
ment. The protective bonding atmosphere, heat dis- 
tribution and rate, brazing alloy flow, confining pres- 
RETORT sure, cooling cycle, and heat treatment all must be 


TWO-ZONE FURNACE 
RETORT 
AIR COOLING BELL FURNACE RAILS 


WATER 
JACKET 
(FIXED) 


| | HYDRAULIC f 

RAM SEAL LOCK precisely controlled. 

BLOWOUT Silver-base alloys are used for bonding heat-treat- 
a) aise. DIAPHRAGM able stainless steels of the 17-7PH and PH15-7Mo 


& type for sustained service temperatures of 800 deg F 
BONA maximum. (The B-58 and B-70 airframes use sterling 
ae silver plus lithium.) A low-conductivity modification 
of this silver bonding technique has been developed re- 


RETORT (REF) 


¢ 
N 
| ES 
‘ 


5 4 
4 4 cently by throwing in a little palladium and indium. 
ADVANCED RETORT combines furnace and cool- This addition substantially improves the heat insula- 
ing system into a single facility. The furnace tion: value. 
| ONES horizontally and the ‘retort vertically. Corrosion-resistant nickel-base brazing alloys are 
| Parts within the retort may be independently used to join high temperature structural base metals 
fee oor owered. like T-321, 19-9D1, A-286, Inconel and Inconel X, 


Hastelloy B and , R-235, René 41, and Haynes Al- 
loy 25. For special applications, structural sandwiches 
may also be bonded with gold and palladium alloys. 
SSS Several furnace designs are available for precision 
brazing. The important thing is that the furnace be 
able to heat and cool the sandwich rapidly and uni- 


Silver Brazing Alloys formly while maintaining an accurate support. Indi- 

vidually controlled heat zones are a must. Auxiliary 

Up to 600 deg F Easy-Flo No. 3 means must also be provided for fast, programed cool- 

Br s00 lee F Fiver thangenece"Bs/15 silver sopret ne that will not distort the precision reference tool 
( lithium 92.8/7/.2 xtures or die blocks. 

Other brazing heat sources are under development. 

They include designs that use electric blankets, quartz 


lamps, salt baths, direct resistance, moving heat zones, 


| High-Temperature Corrosion-Resistant 
| Brazing Alloys 


Jp to 1100 deg F Solabraze H 

Jp to 1500 deg F Solabraze I, XI, MNX 
Jp to 1500 deg F Coast 50 

Jp to 1800 deg F Coast 53 

1500-1800 deg F Solabraze NX! 

Up to 1900 deg F Nicrobraz 


Up to 2000 deg F GE 81, GE 81 Modified, Solabraze NX77 


“LUMINOUS-WALL” Holden furnace at NAA being loaded 
with a 10x14-ft curved honeycomb panel assembly. The 
encapsulated part will be evenly supported on insulated 
piers while it is heated from all sides to about 1625 deg 
F for braze bonding. Fuel gas-air mixture combusts on 
porous furnace walls, floors, and doors. The gas is turned 
off but the air is left flowing for rapid, controlled cooling. 
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induction furnaces, or exothermic chemical reactions. 
Other major R&D efforts of bonding researchers are 
aimed at: 

e a better understanding of bonding chemistry and 
metallurgy and of bonding parameters in general; 

e the development of controllable heat sources with 
uniform outputs for low cost curing or maturing of 
the adhesive and flowing of the braze metal; 

e techniques for joining sandwich subassemblies 


eo cine 


into larger assemblies by means of mechanical fast- 
eners or by welding; 

e the development of low cost, 
testing and inspection techniques. 

The ultimate in materials of construction for sand- 
wich structures may well be at hand once we can use 
beryilium-base alloys. Combined with adhesive bond- 
ing, these may provide the optimum sandwich struc- 
ture.—End 


non-destructive 
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by G. W. pee Head, Electric Welding, Development Laboratory, Linde Co.” 


T HE MAJOR welding processes fall into three cate- 
gories: arc welding, gas welding, and resistance weld- 
ing. Arc welding processes most likely will be used on 
space vehicles, because of weld soundness and dura- 
bility. Gas, or oxy-acetylene, welding has disadvan- 
tages—excessive base metal heating and oxidation—that 
make it unsuitable for modern metals. Resistance weld- 
ing involves pressure, which often leads to distortion, 
and is unsuitable for joining in all cases in which the 
strength-weight ratio is of prime importance. 

The arc-welding methods themselves fall into three 
groups: inert-gas shielded-arc welding, submerged-arc 
welding, and covered-electrode arc welding. The last 
two are limited chiefly to ferous alloys. It is the inert- 
gas shielded-arc welding processes—which may use a 
consumable or a non-consumable electrode—that have 
revolutionized metal fabrication in the aerospace in- 
dustry. In a controlled atmosphere, you can use them 
to weld all metals—even such exotic ones as zirconium 
alloys and hafnium. 

These welding processes use either a tungsten elec- 
trode arc (with the electrode virtually unconsumable) 
or a consumable arc. The tungsten-are process is suit- 
ed primarily to thin sheet under % in. In critical 
applications, it has also been used on thick plate. This 
type of welding can be done manually in all positions, 
it is also easily mechanized. 

Consumable-arc welding is suitable for all types of 
metals over a wide range of thicknesses of more than 
0.05 in. Filler metal, which can be precisely matched 
to the base metal, may be deposited at rates 2-4 
times higher than those of other applicable welding 
methods. Manual welds can be made in any position. 
For automatic production welding, which calls for 
the deposition of 20-30 Ib of weld metal per hour, 
the process is limited essentially to the flat position. 

Tungsten-arc spot-welding is accepted as ideal for 
quality spot welds when only one side of a joint is 
accessible or two or more metal pieces of varying 
thickness are to be joined. The welding action is con- 


* Development Laboratory, Linde Co., 68 Frelinghuysen Ave., Newark, 
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HEAT-RESISTANT tungsten coating of a missile nose 
structure. The operator wears ear muffs as protection 
against the high-pitched noise of the plasma arc torch. 


trolled by the current input to the arc and the time 
during which the arc dwells on the work. Inert gas 
(usually argon) protects the weld puddle and the un- 
consumable tungsten electrode from contamination. 

Consumable-electrode spot-welding is used mainly 
for heavy-duty work on metals like stainless steel and 
aluminum. The rapid-feed electrode easily joins over- 
lapping sheets of metal with thicknesses from 0.04 to 
0.125 in. Full-penetration plugs can be made in 0.125- 
0.25-in.-thick metal with no sink after welding. Metal 
sheets may also be spaced, since the welds will pene- 
trate the first sheet. 

To extend the use of inert-gas shielded-arc welding 
to new metals, researchers have gone back to the fun- 
damentals—to detailed studies of the welding process 


more on next page 
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PUNCHEU-IAPE spot-welding machine set up to make 
some 2520 spot welds an hour on a missile fin production 
run. The machine uses an inert-gas tungsten-arc process 
with a pilot arc. 


and its physical application, its electronic controls and 
circuits, and the metallurgy of the new materials. 
New application techniques are constantly being de- 
vised. In power supplies, for instance, important re- 
cent developments include: 

e the three-phase rectified power source, which 
rectifies the output of three separate-phase transform- 
ers and combines them into a single power output; 

e the constant-potential power source, with which 
the arc current can be varied while the voltage across 
the arc is held constant; 

e the slope-controlled constant-potential power 
source, which produces a closely regulated are for 
precise welding heat control. 

One of the most important recent breakthroughs in 
circuitry was the development of the pilot arc for 
automated tungsten-arc spot-welding. A continuous arc 
between electrode and torch nozzle keeps a small ball 
of incandescent and ionized gas in the cup of the 
torch. As the torch approaches the workpiece, the 
pilot arc provides an ionized gas path for instant, re- 
liable starting. 

With the introduction of the short-arc process for 
consumable-electrode welding, it’s been possible to 
weld extremely thin sheets of metal at high speed. The 
process was made possible by the development of the 
slope-controlled power source, a small-diameter wire 
feeding device, and the availability of efficient shield- 
ing gas. 

Conventional, and even constant-potential, power 
sources give too much arc heat for thin-gage welding. 


INERT-GAS tungsten arc welding of rocket casing girth 
seams of Vanguard’s third stage. 
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rhe result is uncontrolled melting and an excess of 
filler metal. The slope-controlled constant-potential 
power source produces a “cool” arc that 1s short-cir- 
cuited 100-200 times per second. In this way, the arc 
heat is pinpointed, a small cold puddle is produced, 
and consumable-electrode can be applied to materials 
only 0.02-0.1 in. thick. 

The operator can weld in all positions—downhand, 
vertical, or overhead—and needs only a minimum of 
skill. The arc normally operates at 30-125 amp and 
14-19 V on virtually all metals. Argon or an argon- 
carbon dioxide mixture is the usual shielding gas. The 
wire feed uses 0.02- and 0.03-in.-diameter stock. 

Tungsten-are cutting and plasma-arc coating are 
other important welding advances. Both processes use 
a “constricted arc” that is extremely hot and has a 
high velocity. 

Tungsten-are cutting uses an are transferred from 
the electrode to the workpiece and severely constricted 
by a small opening at the torch nozzle. The arc is 
backed up by a large flow of argon-hydrogen gas that 
sharply increases the arc’s velocity. The result is an 
intense ionized jet that will produce a high quality 
cut in all modern metals—from thin stainless to three- 
inch magnesium and aluminum—at speeds up to 1000 
ipm. 
pierre coating uses an untransferred arc (i.e., 
an arc between electrode and nozzle). A large flow 
of argon or hydrogen gas forces the arc out through 
a constricted opening in the nozzle. The result is a 
plasma jet of ionized gasses and free electrons at tem- 
peratures of up to 30,000 deg K. 

The welding material—which may be tungsten or a 
high-melting carbide—can be fed into the torch in 
either powder or wire form. It is melted and carried 
from the nozzle at near sonic speed. The ultra-hard 
material is then blasted onto a spinning carbon or 
metal part to form a hard, dense coating. The mate- 
rial strikes the workpiece in a molten or plastic state 
and is immediately cooled by sprays of carbon dioxide 
gas.—End 
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GOLD-CLAD STAINLESS TUBING 
CURBS CORROSION IN REACTOR 


Photo pictures insertion of gold-clad stainless steel heat 
exchanger into gold-clad power reactor at AEC’s Los Alamos 
Scientific Laboratory. Completely successful in recent opera- 
tional tests, the unique reactor is designed to produce super- 
heated steam in a single pass. This is the second experimental 
reactor using uranyl phosphate fuel—the first unit failed 
because of excessive corrosion in the heat exchanger. Gold- 
cladding now protects all structural parts in contact with the 
extremely corrosive solution. 

Will clad metals solve your corrosion problems? Investi- 
gate the BisHop line of clad metals. BisHop was the first 
company to successfully produce gold-clad stainless tubing 

. coupon brings data. Use it. 


NEW BISHOP TUBE MILL OPENS 


Sketch shows new BisHopP facilities adjacent to the present 
tube mill in East Whiteland Township, west of Paoli, 
Penna.—completing the first stage in BisHop’s long range 
expansion program. This two-story structure will contain 
over 165,000 square feet of floor space. BisHoPp platinum 
mechanical manufacturing operations also move to the 
East Whiteland plant. 


BISHOP NOW DRAWING 
-002” WALL TANTALUM TUBING 


Tantalum tubing with paper-thin wall thicknesses is now 
being supplied by BisHoP on special order. Sizes range from 
.062 in. OD x .002 in. wall to 1.5 in. OD x .125 in. wall. 
Columbium (niobium) tubing down to .002 in. wall has been 
produced and is also available. Can tubing of these “‘exotic”’ 
metals be the answer to any of your design problems? Check 
with BIsHOP . . . use the coupon. 


J-_BISHOP 2Cco. 


platinum works 


FOR HELPFUL DATA USE THIS HANDY COUPON 


Check information you'd like and mail to 
J. BISHOP & CO., 
50 King St., Malvern, Penna. 


(Tubular Products 
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Catalog No. 4 
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Tubular Products Division 


SO KING STREET, MALVERN, PENNA. 
NIagara 4-3100 
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THIS 1S THE BISHOP LINE: 
Products of all the Platinum Metals... 
_ Small diameter Stainless Steel, 
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Modern weapons systems 
require the interplay of an 
increasing variety of skills in 


applied science. 


One corporate group 

with unusually broad 
electronics-based experience 
is made up of four 

General Precision 


subsidiaries— 


COMBINING ADVANCED TECHNOLOGIES 


General Precision Laboratory, 
Kearfott, Librascope, 


and Link Aviation. 


Working to overall military 
plans, these companies 
conceive, engineer and 


manufacture systems and 


components embodying the 
highest state of the artina 


wide range of technologies. 


General Precision Equipment Corporation 


NAVIGATION, 
GUIDANCE 
AND CONTROL 


Weapons 
systems 
electronics 
from 


GENERAL 
PRECISION 


companies 


y 
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The diversity of digital com- 
puter projects underway in the > 
General Precision companies is 
unrivaled by any other corpo- 
rate group. 

From these companies have > 
come the most advanced U. S. 
Navy fire control computer ” 
equipment, thousands of pro- | 
duction units of special pur- | 
pose analog and digital com-} 
puters, and a variety of other; 
computer and data _ handling ; 
equipment. 

Among these projects are > 
computer equipments for the >» 
Navy’s ASROC and SUBROC }: 
antisubmarine missiles and the : 
Polaris missile. A versatile } 
digital computer weighing 32? 
pounds and occupying only / 
one-half cubic foot of space is ; 
being produced which solves i 
accurately most navigational | 
problems in aircraft and mis- 
siles, accepting inputs from) 
both present and planned navi- 
gation sensors. | 

An airborne bombing-naviga- | 
tion computer developed within 
the group is being used for the; 
first digital computing-contro! | 
in production aircraft. Other’ 
products include airborne data 
handling systems, photo-recon- ; 
naissance data reduction and} 
control systems, digital servo! 
controls and the desk-sized! 
LGP-30 general purpose digital! 
computer. 

In larger equipment, the} 
companies are developing af 
large scale data processor to} 
serve as the heart of the! 
Federal Aviation Agency’s ex-' 
perimental air traffic control| 
system. This integrates one of 
the first transistorized file-type} 
digital computers with a large! 
capacity drum storage system 
and input-output buffer system 
designed to work on line with 
communications and display 
systems and printing devices. 


A new type of high resolution 
television equipment from the 
group is being supplied to the 
Navy for classified data han- 
dling applications. 


DETECTION, TRACKING, 
ACQUISITION AND 
FIRE CONTROL 
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Training equipment for virtually 
every type of fighter and 
bomber in the armed forces is 
produced in the group. 

Progress in human engineer- 
ing techniques is resulting also 
in development of simulators 
designed around sophisticated 
man-machine concepts—simu- 
lators for missile training and 
for duplication of space flight 
conditions and submarine op- 
erations. 


In the field of go-no-go mis- 
sile test equipment, systems- 
oriented equipment has been 
developed which has built-in 
“‘reasoning’’ processes and is 
capable of reacting to given 
stimuli. 

For example, these systems 
automatically and continuously 
test products, systems and 
components, retaining each 
test result and rejecting or ap- 
proving according to pre-pro- 
grammed standards. Research 
is being done on “intelligent” 
machines which one day could 
devise and build other ma- 
chines and perform other com- 
plex functions, using Jearning 
and adaptive processes similar 
to those of man. 

Group technologies have 
been combined to produce 
complete ground support 
checkout equipment including 
analog, analog-digital hybrid 
systems, fully digital checkout 
and programming techniques 
and automatic electronic com- 
ponents inspection. Another 
capability is an electronic sys- 
tem called TRACER* for accu- 
rate control and unique iden- 
tification of mobile units and 
personnel. 

General Precision television 
equipment is in use for remote 
observation of jet and rocket 
engines, missile and weapon 
firings and nuclear reactor op- 
erations, for underwater sur- 
veillance and visual systems 
in jet aircraft simulators. 
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Manufacturing military prod- 
ucts today depends not only on 
precision mechanics but also 
upon scientific application of 
skills in dynamics—the use of 
dynamic forces to measure the 
extreme tolerances required for 
component and system work. 

Specially designed equip- 
ment is used for this purpose in 
the General Precision compa- 
nies. One example: a FRINGE- 
COUNT* Micrometer, which 
provides measurements to a 
millionth of an inch using the 
wavelength of light as its 
standard. 

Manufacturing with electrons 
and protons as basic cutting 
tools, or in controlled quantities 
as building blocks, is already 
well advanced in the group. 
Thin film technology—the depo- 
sition of thin films of various 
materials measured in ang- 
stroms—is being developed for 
unique new components. 

Modern facilities for manu- 
facturing and testing within the 
groupinclude complete environ- 
mental laboratories for simula- 
tion of all conditions a system 
or component is likely to en- 
counter, ultra-clean assembly 
facilities for guidance compo- 
nents, and an unsurpassed 
temperature-controlled metrol- 
ogy laboratory. 


* TRADEMARK 


MANAGEMENT 
AND CORPORATE 
STRENGTH 


oR) 
oS & 
ele 


GpL 


Weight and balance computer for aircraft loading 
Automatic (attack director) ASW computer 

Digital bombing and navigation computer 

Desk-sized general purpose electronic digital computer 
ASW rocket-propelled missile system 

Exploding bridgewire devices for safe missile handling 


Shipboard digital fire control computer 


Link 


YOUR MILITARY SYSTEM PROBLEM can be 
solved more quickly by drawing on the advanced 


technologies of the General Precision companies. 


GENERAL PRECISION To find out how this group can be helpful, 


write S. E. Burroughs, Jr., Assistant to the President, 
General Precision Equipment Corporation, 


92 Gold Street, New York 38, New York. 
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FIGURE 1: In automatic riveting, the work piece starts from the ‘‘at rest’’ position (1). 
The lower anvil then rises (2) to clamp the piece against the upper anvil pressure foot. 
At a predetermined damping pressure, the drill or the drill countersink comes down (3) 
at predetermined feed rate and speed. At the same time, the fastener is inserted in the 
holding fingers of the rivet anvil (4). The drill spindle is then moved away, and the 
rivet positioned above the hole (5). The lower anvil upsets the rivet (6) and is retracted 
(7). The clamping pressure is released and the drill spindle returned (8). 


New materials pose problems for 


e Radically new fastener techniques com- 
ing up 

e Induction-heating dimpling holds prom- 
ise 


e Extensive use of automation is fore- 
cast 


by Irwin Stambler, Associate Editor 
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Te continuing trend in aerospace structures is to 
use fewer and fewer mechanical fasteners. However, it’s 
obvious that some fasteners will have to be used in 
many areas of even the most advanced vehicles—on 
access doors, on panels that must be removed for re- 
pairs, on leading-edge surfaces, on heavy fittings, etc. 
Rivets and bolts will also continue to find wide use in 
areas in which high temperatures aren’t a problem. 

The rapidly increasing performance needs of new 
designs demand fasteners with ever higher strength, 
closer tolerance, and greater temperature resistance. In 
addition, the trend toward superalloys, “exotic” materi- 
als, honeycomb structure, etc., calls for radically new 


methods. 
more on next page 
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Fluoroflex-T (7ef/on) Ena COS E 
‘ASSEMBLIES 


engineered for SAFETY, RELIABILITY 


HIGH PRESSURE, HIGH TEMPERATURE HOSE for 
service from —65° to +400°F. Dash 4 through —8 
sizes in bulk or to specifications with swaged fittings 
qualified for 3000 psi systems. 


MEDIUM PRESSURE, HIGH TEMPERATURE HOSE 
for up to 1500 psi service from —100° to +450°F. 
Dash 3 through —24Z sizes qualified to MIL-H-25579. 
Available with swaged type or Seal-Lock fittings. 


FIREPROOF HOSE for dependable use in aircraft and engine 
fire zones. Complies with FAA fireproof requirements. Con- 
struction: Fluoroflex-T tube; AISI Type 304 stainless steel wire 
braid; specially impregnated asbestos shield, Dash 3 through 
-24Z with swaged type or Seal-Lock reusable fittings. 


PROPELLER FEATHERING HOSE, for propeller control in 
aircraft fire zones. Complies with FAA requirements. Con- 
struction: Fluoroflex-T tube; AISI type 304 braid; two 
impregnated asbestos shields with intervening air spaces. 
Available with swaged or Seal-Lock fittings. 


®©Fluoroflex is a Resistoflex trademark, reg., U.S. pat. off. 
®Teflon is DuPont’s trademark for TFE fluorocarbon resins, 


; Originators of high temperature fluorocarbon hose assemblies 
f 10 \ i 


CORPORATION DEPT. 421 


Offices in principal cities 
Roseland, New Jersey * Western Plant: Anaheim Calif. e Southwestern Plant: Dallas, Texas 
Write in No. 20 on Reader Service Card at start of Product Preview Section 
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MECHANICAL JOINING .. . 


PERCENTAGE OF ALL RIVETING & BOLTING 


FIGURE 2: Though automatic rivet- 
ing has been around for some years, 
AIA survey shows hand-riveting still 
accounts for the lion’s share of fas- 
tening. AIA panel expects automatic | 
and semi-automatic mechanical 
joining methods to increase rapidly 
in the next decade. 


of hole preparation and fastener | 
installation. 
Even today’s new transport de- 
signs are making vastly greater 
demands on fasteners. E. A. Green, | 
manager of the Production Engi- | 
neering Dept. at Lockheed-Bur- | 
bank, points as a case in point 
that advanced aircraft studies 
showed that, in some environments 
(such as intense vibration), fasten- 
ers tend to loosen that never gave 
any trouble in past designs. As a) 
result, there’s great interest in| 
methods for getting much higher 
torques on current fasteners. 


Stronger fasteners also 
save weight 


Weight reduction, of course, is| 
another reason for going to higher 
strength fasteners. In the Electra, 
high strength fasteners have al- 
ready been upped in _heat-treat 
from 120,000 to 160,000 psi. 
Lockheed is now looking at such 
items as 220,000-psi Vascojet 100 
fasteners. Because of their high 
strength properties, such fasteners 
might be used even where tem 
perature isn’t a problem, Lockhee 
engineers note. | 

Green also points out that meth+ 
ods of cadmium plating have ten 
developed to keep 260,000-psi 
4340 steel from embrittling. It’ 
also felt that the thread rollin 
problem for 260,000-psi material 
has been solved. Pins of thi4 
Strength are being used in th 
Electra landing gear. ‘ 

Fastener geometry is being care 
fully studied to find ways o 


more on page 7 
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STRENGTH/WEIGHT 


How Lukens Application Research can help you 
find the right steel plate for the job 


Designing for maximum payload means tak- 
ing maximum advantage of today’s high 
strength steels. Experts who know these 
steels—from a practical as well as technical 
standpoint—can give invaluable assistance 
in the early planning stages. This is the job 
of our Application Engineering staff. 

LPG transport tanks and power shovels 
are widely divergent areas in which Lukens 
engineers have helped increase payloads. 

The use of Lukens “T-1” steel plate and 
heads in tanks for hauling LP-Gas has fos- 
tered an entirely new design concept in the 
tank truck field. This high tensile, high yield 
strength steel (100,000 psi) makes it pos- 
sible to mount wheels directly on the tank. 


ASK FOR THE LUKENS 


Write in No. 21 on Reader Service Card at start of Product Preview Section 
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The dead weight of heavy underframes goes 
into payload. 

Working with a major producer of power 
shovels, our staff suggested tough Lukens 
“T-1” for buckets, dipper sticks, bucket teeth 
and other key parts. Lightweight, welded 
steel plate—rather than heavy castings— 
added as much as 40% to load capacity. 

From these successful projects—and many 
more—our Application Engineers have 
gained knowledge and experience of value 
to design engineers. That’s why we say... if 
your assignment is strength/weight, let it be 
our assignment, too. Contact Manager, Appli- 
cation Engineering, K-119 Services Build- 
ing, Lukens Steel Company, Coatesville, Pa. 


“T-1" STEEL BULLETIN 


Helping Industry 
Choose Steels 
That Fit The Job 
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Table I: Dimpling Characteristics 
of B-120VCA 13V-11Cr-3AC Titanium Sheet? 
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Temperature 
PRESSU RE We) (ded F) Results Appearance 
0.096 RT satisfactory slight orange peel 
=. 200 satisfactory slight orange peel 
400 satisfactory orange peel 
600 satisfactory orange peel 
VALVES 800 satisfactory orange peel 
0 029 RT satisfactory slight orange peel 
200 satisfactory orange pee 
400 satisfactory orange peel 
600 satisfactory slight orange peel 
800 failure? slight orange peel 
0.032 RT satisfactory orange peel | 
200 satisfactory orange peel 
at lag 400 slight failure? orange peel 
300 J 600 failure? orange peel 
800 failure? orange peel 
0.033 RT failure? slight orange peel 
900 satisfactory slight orange peel 
400 satisfactory slight orange peel 
600 satisfactory slight orange peel 
800 slight failure? orange peel 


‘1) Oimole size—No 10-32 flat-head machine screw, 100-deg included angle (2) By cracking 
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Leak Tight Lockup 
Dependable Service 
Built-in Relief Optional 
Straight Line Regulation 
High Flow Capacity 
Stock Sizes 1/4” x 3/8” 
Larger Sizes Available 
SPECIFICATIONS FOR 1/4” Size 
Inlet Pressures: to 8000 psi ' 
Outlet Pressures: 200 - 2000 psi 
Weight: .25 Ib. max. 
Flow: Rated capacity in excess of 0.10 


Temperature Range: —65° to +-250°F 
Service: Pneumatic and hydraulic 


WRITE FOR OUR BROCHURE NOW! 


Pneu-Hydro manufactures special reducers 
for all requirements. From simple one 
|} stage unbalanced to complex two or three 
stage absolute reducers. Let our engineers 


help you. 
VEXS 


Pneu-Hydro Valve (orp. 


Engineers & Manufacturers of Hydraulic, 
Pneumatic & Cryogenic Components 


52 Horse Hill Road 
Cedar Knolls, New Jersey 


Write in No. 22 on Reader Service Card 


cutting weight. One approach is to 
hollow out the upper head surface 
of bolts. More compact nuts make 
it possible to reduce the bolt length. 
A recent modified lightweight hex 
nut, Green points out, promises to 
save up to 50 lb on each Electra. 

One of the difficulties with the 
high strength fasteners, W. A. 
Dickie, chief engineer at Hi-Shear 
Rivet Tool, states, is that they 
require harder materials with less 
elongation. This means they’re 
limited when it comes to redistrib- 
uting loads. Hole preparation— 
alignment, countersink, dimpling, 
etc.—therefore becomes critical. 
On the fastener itself, Dickie notes, 
more attention must be given to 
such points as surface finish, rolling 
fillets, recess configurations, etc. 

A great deal of study is going 
into close-tolerance hole prepara- 
tion in high strength materials. 
Battelle Memorial studies stress the 
fact that drill life decreases rapidly 
in high strength steels as hard- 
ness increases in the 45- 55-R, 
range.* Even variations of one 
number in workpiece hardness 
affect drill life, it’s reported. Very 
rigid, high-powered equipment is 
*Gerds, Olofson & Boulger, “Drilling 


High Strength Steels Heat-Treated to 330. 
he pean Hardness,” DMIC "Mere 3 
ug. ’ 


needed, and the work must be 
properly backed up and supported 
to eliminate deflection under load. 

Careful handling and meticulous 
inspection of high hardness steel 
parts are required throughout proc- 
essing. Nicks, scratches, scribed 
lines, etc., must be eliminated from 
the finish-machined part, Battelle 
states, because of their adverse | 
effect on fatigue life. | 

Table II gives some of the data | 
obtained by Battelle. However, | 
since very small details of drill 
geometry, drill heat treat, and 
setup rigidity can have major effects | 
these data should only be used as 
guides. For newer materials, such | 
as beryllium, new drilling methods | 
must be devised (Fig. 2). 


New dimpling methods 
are needed 


Work is also continuing on new | 
ways to dimple high strength ma- 
terials in the hardened condition 
(Table I). The consensus of opin- 
ion, J. R. Hendel, of Northrop, 
recently told an SAE meeting, is 
that conventional conduction-heat 
dimpling (by either flow-forming 
or ramcoining) can only be used 
up to the dimpling range of 800- 
900 deg. F. 


more on page 78 }i/ 
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TODAY'S modern aircraft and weapons systems demand reliable 
ground support that can only be developed through experience. 
The thousands of AEI elements of support equipment now in 
service have demonstrated their rugged dependability and have 


gained for American Electronics a position of leadership in the 
industry. As a result, American Electronics is producing ground 
support equipment for most of the nation's newest Space programs. 
Currently in production and under development at the Electric 


Machinery & Equipment Division are closely regulated voltage 
carts: electronic test equipment, towing 


and frequency power 


condenser type air conditioners. With this proven experience, 
American Electronics is prepared to meet all your needs for 
ground support...from equipment to complete systems, with an 
engineering /management team capable of supplying an entire 


support program. 
Please write for our new 24 page Ground Support brochure 


\A AMERICAN ELECTRONICS, INC. 


ELECTRIC MACHINERY & EQUIPMENT DIVISION 


vehicles, pallets, containers, erectors and trailers; chil er systems, 511d N. GHIGO AVENUE, EO MONTES CALIFORNTR. =< TEC, GUeitssrtanternaian 
gasoline and electric space heaters and advanced air cooled 
Write in No. 23 on Reader Service Card at start of Product Preview Section 
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UM ULTRASONIC REFLECTOSCOPE 


Now you get maximum economy, flexibility in ultrasonic test- 
ing equipment with Sperry’s unitized Reflectoscope. The new 
UM design features low-cost interchangeable plug-in units so 
that various components can be accommodated. You get choice 
of frequency ranges, alarm and recording channels, attenua- 
tion correction, counting and totalizing channels. This eco- 
nomical building block method permits adding to_instrumen- 
tation to meet increasing or changing testing requirements. 


UI ULTRASONIC REFLECTOSCOPE 


Latest concept in ultrasonic testing equipment. The most ad- 
vanced instrument for lab and production line testing, compact 
for use on bridge or bench. 

Plug-in receivers with frequency ranges from 1 to 25 mcs. 
Large 12” CRT with dual trace 2-color display. Double slope 
curves for distance amplitude correction — both near-zone 
and attenuation. 

Exclusive features: Four instantaneous or continuous alarm 
channels with separate channel indication. 


Write for descriptive literature. 


y Products, Inc. 
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Table II: Drilling High 
High Speed 
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Hardness Speed 

BHN Ro (sfm) 

{ 

3972374 35-40 30-40 | 
371-491 40-45 95-35 

491-481 45-50 15-95 | 

481-560 50-55 7-15 | 
Steel Hardness Drill 

; BHN | Ro | Steel (AISI) 

4 
4130 341 36 M-2 
Halcomb 918 341 36 M-2 
UHS 260 341 36 M-2 
Unimach 2 352 38 M-2 
4340 340 36 M-2 
4892 50 Teas 

514 | 59 T2415 

514 | 52 TS | 

B14 lige 1-15 | 

Vascojet 1000} 375 40 M-2 | 

17-99AS 352 | 38 M-2 | 


*General data are for speeds and feeds at which 
the included drill angle usually is 130-150 deg. 
Sometimes the corners are chamfered to reduce 
wear. Lip relief angles are kept small for maximum 
Cutting lip support. The drill chisel edge must be 
as short as possible—thinning of the drill web 
may be necessary. Split points are commonly used 
up to 49 Ro. Above this hardness, various kinds 
of notch thinning or modified split points that leave 
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Most of the upcoming materials 
unfortunately require at least 1300 
deg F, and some call for 1800- 
2000 deg F. At these temperatures, 
conventional dimpling dies quickly 
break down. 

Resistance heating, a new ap- 
proach to hot dimpling, he stated, 
has shown some promise but is 
difficult to control, Hendel stated. 
Its problems include arcing, spot 
heating, die heating, etc. 

One of the most promising new 
dimpling techniques is induction 
heating. Good results have been 
achieved, Hendel reported, with 
heat-treated 17-7Ph, AM 350, 
15-7Mo, and 4-3-1-titanium at 
1300-1400 deg F and_= with 
A110-AT at 1600-1700: deg F. 
With the PH steels, though, per- 
manent partial annealing occurred 
at the dimple. 

Cold rotary impact-dimpling, an- 
other new method, has worked well 
with softer materials, and some ti- 
taniums. However, it hasn’t worked 
too well so far with harder ma- 
terials; Hendel said, except that it 
produced very good results when 
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rength Steels with 
eel Drills* 
BGG GQ Ge ©W /y  °*e ww, 


Feed (ipr) 


<i | eM | var 


0.001-0.003 | 0.002-0.005 | 0.004-0.009 
0.001-0.002 | 0.002-0.004 | 0.003-0.007 
0.0005-0.0015 | 0.001-0.003 | 0.002-0.005 
0.0005-0.0010 | 0.001-0.002 | 0.002-0.004 


peed Feed |No. of Holes Drilled be- 
fpm) (ipr) |fore 0.015-in. Wearland 


110 0.002 100 
100 0.002 100 
95 0.002 100 
80 0.002 100 
68 0.002 100 
50 0.005 100 
30 0.0005 100 
30 0.001 103 
20 0.0005 20 
20 0.001 34 
30 0.0005 23 
40 0.001 29 
40 0.005 17 
0.001 
67 0.002 100 
60 0.002 100 


a small chisel edge can be used. 

he data for specific steels are for 234-in. long 
Y-in. drills. Helix angles of 29 deg, clearance 
angles of seven degrees, and point angles of 118 
and 90 deg—for steels around 340 B and above 
480 B, respectively—are used. Up to 100 per cent 
longer drill life can be expected if crankshaft 
(split) peint grind is used instead of the standard 


point grind. 


CTT 


used to punch holes to very close 
tolerances in harder materials of 
up to 280,000 psi. 

As Figure I shows, over the 
next decade the trend in production 
joining methods points to the ex- 
tensive use of automation. Lock- 
heed now is using automatic 
Drivmatic riveting machines on the 
Electra line for both aluminum 
and steel. fasteners (Fig. 3). The 
same machine is used in both cases; 
special drills and hoppers are in- 
stalled for steel. 


Wing lap joints for 
bolts in steel 


In the steel operation, Huckbolts 
and Hi-Loks are being installed in 
wing lap joints. Enough foot pres- 
sure is obtained, engineers state, 
so that the joints (which are 
presealed) can be drilled without 
getting chips into them. For 
aluminum, the Drivmatics are run 


with a clamping pressure of about 


600 1b; for steel, 1000 lb is used. 
Most of the Drivmatics are run 
more on next page 
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ULTRASONIC 
THICKNESS 
GAGE 


Now you can measure wall thickness accurately with 
Sperry’s new direct reading ultrasonic thickness gage. Bat- 
tery-operated, it is small and light enough (10 lbs.) to be 
carried anywhere —to inspect missile nose cones, other 


rocket components. 
Using the pulse echo method, this 


new Sperry thickness gage works 
even where surfaces are not paral- 
lel, such as taper forgings. Easy- 
to-read meter is directly calibrated 
in inches, and alarm lamps are 
provided for go-no-go operation. 
Send to Sperry for a free bulletin 
giving more detailed information 
on the new ultrasonic thickness 
gage. 

There is a full line of ultrasonic in- 
spection instruments available from 
Sperry, for fourteen years leading 
designers and engineers of ultra- 
sonic testing equipment. Call a 
Sperry engineer to help solve your 
ultrasonic testing problems. 


Write for descriptive literature. 
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Not a worry | in the world... 


THIS 1S 7° 
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SNAP-IN CONTACT THAT 
WON'T PULL OUT! 


...the Deutsch snap-in contact, of course— 
guaranteed to withstand 25 pounds 
pull. In Deutsch DS miniature 
connectors, each pin and socket is locked 
in place by an exclusive, patented 
spring mechanism. 

WHAT'S MORE... Deutsch-designed 
tools whip the problem of fast, reliable 
crimping (hand or automatic)—insertion 

and removal. 


And...just glance at these specs: 
e Deutsch-designed crimp, stronger than the wire 
itself (AN #18 wire and smaller) 


e 7 shell sizes, with alternate clocking and 
insert arrangements 


e exclusive Deutsch ball-lock coupling 


7 e superior interfacial seal 


| 


; e silicone inserts; no shrinkage, bonding 
i | or reversion 


im \ 


2” ee p. 


e temperature range —67° to in excess of 300°F 


—  » seal before electrical contact 


e interchangeable with existing Deutsch DM (MS) 
miniatures and hermetics 


e meet all applicable requirements of MIL-C-26482 


‘ reliable snap-in type connectors, contact 
iN op your local Deutsch representative 
_ or write for data file, E-11. 


aan oY ey 


~~ 


The Deutsch Company 
ELECTRONIC COMPONENTS DIVISION 
Municipal Airport + Banning, California 
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MECHANICAL JOINING .. . 


BRAZED 
JOINT 


SEAMLESS TUBING 
(DEPRESSED TO A “V") 


CARBIDE TIP 


e cae IN. 


FIGURE 3: ‘‘Exotic’’ structural mate- 
rials like beryllium, tantalum, molyb- 
denum, etc., call for new mechanical 
joining approaches. This _ carbide- 
tipped rifle drill is used in deep hole 
drilling of beryllium at Battelle. 


by tape control. However, one was 
just converted to a Lockheed 
numerical-control system using 
IBM cards. The tape setup has 
one drawback: The units must be 
indexed from time to time to com- 
pensate for different coefficients of 
expansion between tape and alu- 
minum. 

Lockheed’s Georgia Div. is 
working with a new Erco slug rivet 
machine that installs the rivet, 
upsets both sides at once, and 
then mills one side flush. This unit 
is still in R&D, but reportedly it 
looks promising. Eventually, Lock- 
heed intends to use it in fuel tank 
assembly.—End 


TIME-HONORED hand riveting proc- 
ess, used here in assembly of 
Convair 880 wing spar, is expected 
to give way to more and more 
automatic techniques. 
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SKIN MILL CONVERSION FOR 
AIRCRAFT BLDR. 


PLANER 
CONVERSION LATHE 

FOR CONVERSION 
AIRCRAFT 
HONEYCOMB 


FOR 
MISSLES 


FOR SPECIAL 
MACHINE 


FOR 
SPACE 
VEHI 
Spies g AIRCRAFT 
ENGINE 
PARTS 


PLANER 
CONVER- 
SION 
FOR 
EXOTIC 
METALS 


GANTRY 


PLANER MILL 
CONVER- CONVERSION 
SION 
FOR NOSE 
CONES 

CONVERSION 


FOR 


RAM MOUNTED 
ALL MAKES OF TURRET TYPE MILL 


SURFACE GRINDERS 


HYPODERMIC 
NEEDLES 


FOR 
SPECIAL 
ROTARY 
GRINDER 
FOR JET 
BLADE 

MFGR. 


K 


FOR ORIGINAL 
EQUIPMENT MFGR. ¥ 


Sw 


DENTAL 
DRILLS 


FOR 
“RISE AND 
FALL'' MILLER 


Planers © Lathes * Milling Machines 
Gantry Mills * Tool and Cutter Grinders 


SPINDLES 


for electrolytic 
metal removal 
... We build a 


better mouse trap”’ 


EVERY DAY! 


The ‘mice’ we're after of course, are the 


thousand-and-one special problems that plant 
engineers from all over the nation bring to us 
for solution. In missile, aircraft and general 


manufacturing, we're batting 1.000! 


We think it’s because we're “old timers’”’ in this 
new field. We can solve your problem today 


because we solved one like it yesterday. 


SKETCH IT OUT * SEND IT IN © WE’LL PROVE IT! 


STANDARD 


Super-Precision Spindles have 
CONVERTED: 


Surface Grinders 
Special Machinery 


For Mist Control use Mis L Gin-restey 


NDAD electrical tool co. 


PRECISION SPINDLE DIVISION 


3001 RIVER RD. ¢ CINCINNATI 4, OHIO 


Write for Catalog today. 


Write in No. 27 on Reader Service Card at start of Product Preview Section 
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STANDARD Super Precision Electrolytic Spindles 
are available in 50 to 3000 AMP Capacities. 
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Are you after highest 
alloy properties in 
heat-after-heat? | 


100 per cent alloy composition control — 
assured by vacuum induction melting | 


| 


Highly reactive elements enhance high-tem- 


pe oe 


perature alloy properties. Today, only one 


production metal refining process can effec- 
tively control the action of these elements, 
and—heat-after-heat—meet the most exact- 


ing alloy specifications. 


The process is vacuum induction melting, | 
and the only specialist in this process is the 
Metals Division, Kelsey-Hayes Company. 


In a specially designed plant which con- | 
tains seven vacuum induction furnaces with | 
a monthly capacity of 1 million Ib, the Metals | 
Division produces over 50 alloys for critical ! 


high-temperature, high-stress applications — 


such as aircraft gas turbine buckets and 
wheels, missile and nuclear components. 
Alloys like Upimer 500 and 700 were de-) 
veloped by Metals Division. The Division is 


the leading producer of vacuum induction | 
melted Waspaloy, M-252, and other alloys. 


For information on how Metals Division 


vacuum induction melting facilities and tech- 
| 

nical experience can meet your superalloy re- 

quirements, write Dept. 10, Metals Division, 


Kelsey-Hayes Company, New Hartford, N.Y. 


METALS DIVISION | 
KELSEY-HAYES COMPANY 


NEW HARTFORD, NEW YORK 


Write in No. 28 on Reader Service Card 
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Who put the cart before the horsepower? 


Autonetics did. Autonetics foresaw that the 
electronic systems inside a modern weapon 
would become as important as the frame that 
enclosed them... foresaw that the twin buga- 
boos would be time and talent: the time it 
would take a swarm of skilled technicians with 
meters and hand probes to make a thorough 
maintenance test—and the scarcity of such 
technicians. That’s why Autonetics, together 
with the Department of Defense, set out to 
automate the whole procedure. 

Result: carts that contain today’s most 
versatile automatic checkout systems. These 


systems match the needs of the majority of 
manned and unmanned weapon systems. 
Adaptive equipment for testing special elec- 
tronic systems can be packaged in similar 
carts and plugged into the basic cart. The sys- 
tem is thus complete and readily mobile. 

Here’s the payoff : as part of the Naval Avi- 
onics Support System, these new automatic 
checkout centrals will do the job 100 times as 
well—and with infinitely greater accuracy. All 
the operator needs to know is which button to 
push. This is the reliable way to find fault 
before you fly. 


A DIVISION OF NORTH AMERICAN AVIATION, INC., DOWNEY, CALIFORNIA @ REGIONAL OFFICES: WASHINGTON, D. C. AND DAYTON, OHIO 
INERTIAL NAVIGATION / ARMAMENT CONTROL / FLIGHT CONTROL / COMPUTERS AND DATA PROCESSING 
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FIGURE 1: Transition duct, former- 
ly made of two transition-section- 
welded tubes, is now Dynaformed 
in one shot as a single piece. The 
Convair technique causes little thin- 
ning, since the material is shot 
from the top and the smaller sec- 


tion literally is driven into the 


larger. 


e Larger, more rigid power spinning 
machines 


e Precision forgings of advanced ma- 
terials : 


e High-energy-rate forming looks prom- 
ising 


PART 1 


: N AEROSPACE structural design we are apparently 
due to complete a full circle. Until recently, the trend 
has been away from built-up structures to the wide use 
of integral structure. But now we seem to be moving 
back once more to built-up methods (Fig. 2). The 
reason, an Aircraft Industries Association study reports, 
is mainly that “the high mechanical properties of the 
future sheet materials can be most efficiently utilized by 
built-up structure design. To achieve equivalent effi- 
ciency in an integral structure, complete machining 
would be required.” 

While this development points to wider use of ad- 
vanced sheet working methods—such as high energy 
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production 
& materials 
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New techniques, 
greater precision for 


rate forming and/or power spinning—conventional 
forging and extrusion processes will still be important. 
Perhaps the current intensive work on improved pre- 
cision forging, casting, and extruding will result in 
even wider use of these methods than seems conceivable 
right now. 

In power spinning, or roll forming, a great deal of 
effort is being put into the development of larger more 
rigid machines as well as of machines that will be 
precise enough to spin hemispheres with a wider range 
of wall thicknesses. 

As J. W. Heater, of Harron, Rickard & McCone, told 
a recent ASTE meeting, “experience shows that rather 
small, thin-walled hemispheres can be produced from 
flat disks in a single pass where reduction of wall is 
50 per cent. Some success has been had with bowl- 
shaped preforms on larger hemispheres. [However] as 
the metal thickness .. . reaches % in. and more, the 
volume of metal radially displaced begins to defy con- 
trol, resulting in failure.” Heater noted that we need 
processing methods for hemispheres that will give us 
the desired wall thickness control without extensive 
machining. Better ways of spinning nozzle-shaped parts 
and elliptical, semi-elliptical, and hemispherical pressure 
vessel shapes are also being sought. 

Until recently, most power spinning machines were 
vertical units, but the new large capacity devices will 
be horizontal types. One of the newest to go into 
operation is the Hufford “spin forge,” which can apply 
a total work force of over a million pounds in forming 
parts 10 ft high and up to 60 in. in diameter. The spin 
forge recently delivered to Marquardt Aircraft is 25 
ft wide, 24 ft high (including base) and weighs over 


450.000 Ib. It met specs calling for a 50 per cent 
more on page 87 
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THE HI-LOK AUTOMATIC FEED DRIVER, FITTED TO 
AN INGERSOLL-RAND AIR MOTOR, ASSEMBLES UP 
TO 200 COLLARS ONTO HI-LOK PINS WITHOUT RE- 
LOADING. ASSEMBLY RATE: UP TO 45 PER MINUTE. 


t 
rthttndn dina 


FASTENER 


PER 
4 MINUTE 


HI-LOK IS BEING ASSEMBLED UNDER WING RIB IN 
EXTREMELY TIGHT QUARTERS USING A HI-LOK 20° 
RATCHET WRENCH ATTACHMENT AND KELLER AIR 
MOTOR. 


HI-LOK IS BEING INSTALLED WITH LIGHTWEIGHT TOOLING IN PLANK SPLICE OF ELECTRA “WET” WING. 


AUTOMATION OF FASTENER 
INSTALLATION SPEEDS 
ELECTRA ASSEMBLY TIME 


WRENCHING END OF _ HI-LOK COLLAR AUTO- 
MATICALLY TORQUES-OFF WHEN DESIGN PRELOAD 
CONDITION 1S ATTAINED DURING ASSEMBLY. 


Automatic assembly of high strength Hi-Loks up to 45 per 
minute, is one of many producibility factors which enables 
Lockheed to produce a finished Electra in only 88 days. 


The Hi-Lok, because of its collar torque-off feature to auto- 
matically obtain a preload consistent within +10%, 
installed quickly and quietly with standard high speed air 
drivers. Torque wrench inspection is eliminated. 


LO ERLE EE % 


Manufactured in standard and precision tolerances for in- 
terference fit hole conditions, Hi-Loks come in a variety 
of material combinations where temperature resistance, 
high strength and weight reduction are design factors. 


Contact your Te Standards Group for complete data on 
the new Hi-Lok fastener... or write to us. 


TRADEMARK REGISTERED, U. S. AND FOREIGN PATENTS APPLIED FOR 


MINIMUM TOOL CLEARANCE CONDITIONS ON 
STIFFENERS IN WING FRONT SPAR A 


AZ 
WITH HI-LOK ADAPTOR TOOLING COMBINED. Witt YS? Ci” R { V ET T Oo Oo L C OM PA NY 


18 Sagan Sie lage NL aT 2600 WEST 247TH STREET, TORRANCE © CALIFORNIA 
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FORMING... 


—_—————————— 


Table I: Usual Forging Temperatures for Titanium Alloys (deg F) 


Unalloyed Ti 

8Mn Ti (alpha-beta) 

6AI-4V Ti (alpha-beta) 

4AI1-4Mn Ti Calpha-beta) 

3AI-5Cr Ti Calpha-beta) 
5AI-1.5Fe-1.4Cr-1.2Mo Ti (alpha-beta) 
7AI-3Mo Ti (alpha-beta) 

5AI-2.5Sn Ti (alpha) 


Blocking! Finishing 
1425-1600? 1425-1500 
1550-1700 1300-1400 
1625-17953 1550-1600 
1600-1700 1500-15504 
1650-1750 1500-1550 
1750-1800 1650-1750 
1700-1950 1800-1250 
1750-1800 1650-1850 


(1) Heavy drafts or reductions are taken in blocking. 

(2) One fabricator reports going to 1700 deg F furnace temperature. 
(3) One fabricator reports going to 1900 deg F furnace temperature. 
(4) One fabricator reports going to 1600 deg F furnace temperature. 


CUM TT 
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reduction of one-inch 321 stainless 
in a single pass at++0.002 in. tol- 
erance and using a force of 225,000 
lb up, down, and in and out on the 
cross slide, and 100,000 lb up and 
200,000 lb down on the tailstock. 
(See S/A, “Faster Forming of 
Complex Parts with Spin Forging,” 
May ’59, p. 69.) 

Larger types are already in de- 
velopment. For instance, Loewy 
Hydropress is working on a new 
series of machines ranging up to 
100 in. in diameter. 

In forging, it seems unlikely that 
any presses larger than the new 
35,- and 50,000-ton closed-die hy- 
draulic types should be in the off- 
ing. Most of the effort in this area 
is aimed at the more efficient use 
of these new presses—through re- 
duced die costs or better lubricat- 
ing methods. On one new lubricat- 
ing technique, the surface of the 
billet is pre-treated with lubricant 
before forging. Battelle Memorial 
Institute reports that a large im- 
provement in die filling results. 
Close control of die temperature 
bas also been shown to provide 
better forgings. 

In the production of smaller 
forgings, Battelle reports, cored 
forging looks promising. This tech- 
nique uses presses with a top 
punch in the ram. and two side 
punches actuated by a pitman from 
the main crank beneath the press 
bed. It has been successfully ap- 
plied to titanium parts, and its use 
with other metals is being studied. 

A great deal of work is going 
into the development of forging 
methods for high strength mater- 
ials like titanium, beryllium and 
the refractory metals. One break- 
through, of course, was the recent 
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successful closed-die forging of 
beryllium by Wyman-Gordon. 

Many research groups are study- 
ing forging techniques for ad- 
vanced materials. Among the ma- 
terials Battelle’s working on are 
molybdenum, titanium, and zircon- 
ium. 

Battelle consultant H. B. Good- 
win reports that molybdenum must 
be extruded before it can be 
forged: “Arc-cast molybdenum in- 
gots are extruded at 2300-2400 
deg F .. . forging or rolling of 
either extrusions or . . . powder 
metallurgy products is usually be- 
gun at about the same tempera- 
tures. The temperature is some- 
times pushed to 2600 deg F for 
easier workability, but [then] the 
mechanical properties suffer.” Bat- 
telle states that for unalloyed 
molybdenum the practical lower 
forging temperature is about 1700 
deg F; for the 0.5Ti alloy, it is 
1900 deg F. 

Zirconium, molybdenum, and ti- 
tanium, it’s reported, are usually 
worked on equipment designed for 
working steel. Zirconium, says 

more on page 89 


FIGURE 2: AIA study of production 
trends forecasts vastly increased 
use of sheet forms in next decade’s 
vehicles. 
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It’s a new automatic flight 
control system. 


This one isn’t operational 
yet, but maybe you could 
lend us a hand in exchange 
for things like salary and 


LRCP* 


General Electric’s ARMA- 
MENT AND CONTROL SEC- 
TION in Johnson City (Bing- 
hamton) New York, has 14 
openings for men with de- 
grees and/or experience in 
mechanical engineering, elec- 
trical (electronics) engineer- 
ing—also in mathematics and 
physics. 

Some of the product areas 
include airborne defense sys- 
tems, automatic flight con- 
trol systems (not in any way 
similar to the cartoon), in- 
ertial navigation systems, 
analog and digital computers, 
gyros, fluid controls, servo 
controls and many more. 

General Electric has the 
right combination for de- 
veloping your career poten- 
tial. *Long Range Career Po- 
tential. 

Let’s trade facts. Tell us 
about your education, experi- 
ence and interests. We’ll 
send you details about where 
you’ll fit into the Armament 
and Control Section. 

Write in confidence to: 

Mr. R.C. McConnell, Div. F 221-2 
Armament and Control Section 
General Electric Company 

600 Main Street 

Johnson City, New York 


ARMAMENT AND CONTROL SECTION 


GENERAL (6) ELECTRIC 


JOHNSON CITY, NEW YORK 


Check Employment Inquiry Form on Page 217 
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This low-cost computer eliminates the ‘“‘middleman”’ 


Rioyal Precision 


between the engineer’s problem and answer! 


Engineers in the aircraft and missile field get answers fast when they have direct 
access to the powerful LGP-30 electronic computer marketed by Royal McBee. 
Many are now solving such problems as wind tunnel and flight test data reduction, 
guidance system design, transducer calibrations, flutter and vibration studies, 
component reliability evaluations, specific impulse calculations and thermal stress 
distribution—at desk-side! Reason: this computer is programmed and operated 
by the engineer himself to cut through the maze of mathematical calculations de- 
manded by today’s complex aircraft design requirements. 

The LGP-30 is low in cost — about the price of a good engineer — and is simple 
to program and operate. Its 4096-word memory is comparable to computers many 
times its size and cost. User-engineers develop a man-machine relationship to 
the point where it becomes an extension of their own thinking capacity. Bolder, 
more creative engineering almost always results. 

No site preparation is necessary. Plug the LGP-30 into the nearest standard 
outlet and it is ready to go to work. Customers have access to an extensive library 
of programs and sub-routines—as well as an active users organization. 


4 


Royal Precision is jointly owned by the Ro 


yg Royal Precision Corporation 


yal McBee and General Precision Equipment 
Corporations. LGP-80 sales and service are available coast-to-coast, in Canada and abroad 


through Royal McBee Data Processing offices. For information on the LGP-30 write 
ROYAL McCBEE CORPORATION, data Processing division, Port Chester, New York 


Write in No. 18 on Reader Service Card at start of Product Preview Section 
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FORMING .. . 


a a ee 


FIGURE 3: Typical production die 
holder for explosive forming of sev- 
eral parts in one shot. With the 


turntable arrangement, dies and 
parts can be released successively 
from the die holder. 


Goodwin, has a wide how-worka- 
bility temperature range, since it 
becomes very malleable. The range 
of temperatures to which the me- 
tal is heated before forging is 
1550-1700 deg F. Tables I & Il 
show some of the titanium forging 
data obtained by Battelle. 

The key question for the future 
of forgings in the aerospace in- 
dustry is whether it will be possi- 
ble to make precision forgings in 
the high strength materials. A. G. 
Jones, of North American Avia- 
tion, recently told ASTE that R&D 
stainless steel and titanium forgings 
have been produced that needed a 
machine clean-up only on con- 
tact or working surfaces. The more 
impressive features of such parts, 
he stated, include web thicknesses 
down to 0.094 in., cavity or pocket 
depth to 1% in. with no-draft 
walls, and curves and contours 
forged to finish dimensions and sur- 
face roughness requirements. 

However, rejection rates and 
costs have been very high, said 
Jones, and difficulties have cropped 
up. It’s still too early to tell 
whether it would ever be economi- 
cal to produce such parts, he con- 
cluded. 

Precision castings and _ extru- 
sions are becoming more impor- 
tant (Table Ill). One of the newer 
processes used for the latter is 
called “precision cold-extruding.” 
The word “cold” here refers to the 
fact that the extrusion temperature 
is below the recrystallization tem- 
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Table Il: Forging Pressure 
for Titanium and Steel 
(tons/sq in.)* 


Unalloyed Tj 40-50 
4A\-sMn Ti 75 
2Fe-2Cr-2Mo Ti 75 
1.5Fe-2.75Cr Ti 75 
5AI-1.5Fe-1.4Cr-1.2Mo Ti 85 
5AI-2.75Cr-1.25Fe Ti 100 
6AI-4V Ti 100 
TAI-3Mo Ti 100 
5AI-2.5Sn Ti 120 
SAE 4340 steel 90 


*At normal forging temperatures and 
under comparable conditions. 


un ET 


perature. R. A. Quadt, of Bridge- 
port Brass, recently told ASTE. 
that parts produced by [precision 
cold-extruding] will be work-hard- 
ened and [show] increasing 
strengths and hardnesses, depend- 
ing on the severitv of the cross- 
sectional reduction.” 

The advantages of precision 
cold-extruding, Quadt stated, in- 
clude: 

e There is no hydrogen, nitro- 
gen, or carbon pickup. 

@ No volatile or surface oxides 
are formed. 

e Reactive metals need not be 
clad. 

e Inherently higher recoveries 
are available. 

e Precise shapes can be pro- 


duced with little or no secondary 


machining needed. 

e Higher strengths are obtained, 
thanks to the work-hardened struc- 
ture. 

Bridgeport Brass’ Hunter Doug- 
las Div., in Riverside, Calif., has 
developed a series of special hy- 
draulic presses precision cold-ex- 
truding, ranging from 200 to 3500 
tons. The largest, said Quadt, has 
a maximum ram deflection of 
0.002 in. over a 108-in. power 
stroke. Parts up to 20 in. in di- 
ameters and 40 ft long have been 
formed. 

On precision castings, American 
Brake Shoe recently announced 
that it is developing a new method 
to make high integrity steel cast- 
ings. The company’s process is 
claimed to eliminate flaws and to 
provide uniform tensiles as high as 
300,000 psi. Parts can be made in 
almost any size from a few pounds 
to thousands of pounds, it’s re- 

more on page 91 


It’s a new inertial navigation 
system. 


This one isn’t operational, 
but maybe you could lend us 


a hand in exchange for 


things like long range career 


potential and IBOM* 


General Electric’s ARMA- 
MENT AND CONTROL SEC- 
TION in Johnson City (Bing- 
hamton) New York has 14 
openings for men with de- 
grees and/or experience in 
mechanical engineering, elec- 
trical (electronics) engineer- 
ing—also in mathematics and 
physics. 

Some of the product areas 
include engine control sys- 
tems, inertial navigation sys- 
tems (none like the cartoon), 
transistors and magnetic 
controls, microwave, ground 
support equipment, inertial 
equipment and many more. 

General Electric has the 
right combination for de- 
veloping your career poten- 
tial. *Increases Based On 
Merit. 

A complete brochure about 
our section is available in ex- 
change for your resume in- 
formation. Write in confi- 
dence to: 

Mr. R.C. McConnell, Div. F 221-3 
Armament and Control Section 
General Electric Company 

600 Main Street 

Johnson City, New York 


ARMAMENT AND: CONTROL SECTION 


GENERAL ( ELECTRIC 


JOHNSON CITY, NEW YORK 


Check Employment Inquiry Form on Page 217 
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Check the specs on Just 2 of the 34 available. 


H-60 0 to 50,000 pede e | 2% RMS $1300. Control: 22” x 22"x 18" J 
*Tank: PRLS PILES PLY 
o 120,000 2% RMS $1850. Control: 22” x 22” x 18" 
*Tank: 27" x 22" x 20" 


bers 


Write in No. 35 on Reader Service Card at start of Product Preview Section 
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Table III: Typical Manufacturing Limits on the Size of Extrusions! 


Press Capacity Container ID Max. Circle Approx. Pressure on 
(tons) (in.) (in.)? (psi) 
1600 6 100,000 
2400 6 4iz 
if | 534 
2500 6 41% | 157,000 
8 64 | 93,000 
9 7% 74,000 
2750 it 534 
8 6% 
3850 8 6% 
2 14 
143 Oly 
4250 9 RA 126,000 
11 9% 86,000 
14 4 52,000 
16 14 41,000 
5500 11 RA 
14 12 
16 14 
17 
(1) From “ARDC Production Design Handbook and excluding the newest extrusion presses, such 
as those of 8000 tons capacity. These have maximum circles of up to 27 in. (2) The maximum 
(circumscribing) circle is defined as the diameter of the minimum circle, completely enveloping 
the desired shape. (3) at weghts of 190-325 Ib and lengths of 22-36 in. 


romney TO PO ie veine PIE TOM TT OTE Hone tn 


FIGURE 4: Cross-section of Dynapak metal-working machine. High pressure 
gas is stored in the chamber at left. Relatively low pressure gas in the 
right-hand chamber forces the piston against the orifice plate, while the 
seal in the piston face isolates the entire piston surface from the high 
pressure gas, except for a small area surrounded by the seal. Slight 
added pressure at the left starts the piston moving, disengaging the seal 
and letting the high pressure gas push against the entire face of the 
piston, which moves at speeds as high as 2500 fps. 


ported. The process requires close 
control of all steps and careful se- 
lection of raw materials and alloy- 
ing elements. Molds are made of a 
special ceramic to produce con- 
trolled shrinkage rates as the cast- 
ing cools. 

In sheet forming, U.S. Steel has 
a USAF contract to refine the re- 
cent breakthrough in rolling light 
gage steel sheets in widths previ- 
ously considered impractical. Work 
will be done on materials like 4340 
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and hot-work die steels. It’s hoped 
that sheets 120 in. wide, up to 360 
in. long, and 0.01 in. thick or 
heavier will be produced to toler- 
ances only 25 per cent as large as 
those for commercial sheet in a 
flat condition. 

Larger stretch-wrap-form ma- 
chines are also becoming available. 
An example is a 50-ton radial 
draw former from Cyril Bath, re- 
cently installed at Convair-Astro- 

more on page 93 


It’s a new transistorized 
magnetic control. 


This one works. . but not the 
right way. Maybe you could 
lend us a hand in exchange 
for things like employee 


role ABT 


General Electric’s ARMA- 
MENT AND CONTROL SEC- 
TION in Johnson City (Bing- 
hamton) New York, has 14 
openings for men with de- 
grees and/or experience in 
mechanical engineering, elec- 
trical (electronics) engineer- 
ing, mathematics and physics. 

Some of the product areas 
include transistor and mag- 
netic controls (none like the 
asteroid-pulling device illus- 
trated), analog and digital 
computers. Career position 
openings include project lead- 
ers, technical writers, engi- 
neers in development, circui- 
try design, packaging, stress 
and vibration, systems, qual- 
ity control and others. 


General Electric has the right 
combination for developing 
your career potential. *Good 
Place To Live (ask the Chamber 
of Commerce). 

MAIL COUPON TO: 

Mr. R.C. McConnell, Div. F221-4 
Armament and Control Section 
General Electric Company 

600 Main Street 

Johnson City, New York 


Send me more information. 
job: interest:is 2c 2--o eee 


(Zone) (State) 
[1 My resume is enclosed. 


ARMAMENT AND CONTROL SECTION 


GENERAL ( ELECTRIC 


JOHNSON>CITY, NEW YORK 


Check Employment Inquiry Form on Page 217 
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Solid Fuels are simple— 


NCE 
AX 


OS 
AA 


Write in No. 37 on Reader Service Card at start of Product Preview Section 
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but! 


Whether the rocket power be for 
the Army’s Sergeant, the Air 
Force’s Minuteman or tomorrow’s 
50,000,000 lb. thrust motor it be- 
gins with globs and strands of 
fuel held in the asbestos-gloved 
hands of the research chemists. 


For more than ten years the 
research scientists in THIOKOL’s 
Rocket and Chemical Divisions 
have been continuously engaged 
in rapidly expanding programs 
of propellant development. 

In these endeavors one fact is 
common: new propellants are cast 
into rocket motors only after 
many thousands of hours have 
gone into research and testing. 
For every successful propella>t 
formula there are many, many 
frustrating failures. This is the 
way of research. Success, even 
though it comes slowly, is the 
reward. 

Fortunately, success has come 
to THIOKOL research scientists 
in abundance and with regularity. 


The variety of career oppor- 
tunities at THIOKOL is large and 
expanding, including: 
Propellant analysis and formula- 
tion * Polymer research « Fluo- 
rine and metal hydrides synthesis 
¢ Shock wave phenomena * Com- 
bustion processes * High vacuum 
techniques * Fast reaction kinet- 
ics * Servo system and electro 
mechanical design * Instrumen- 
tation ¢ Ion and plasma propul- 
sion ° Magnetohydrodynamics 
¢ Thermodynamics °¢ Solid state 
physics. 

There may be a place for you 
on the team, working on THIOKOL 
— developed-and-built rocket 
powerplants used in the Falcon, 
Sergeant, Matador, Nike Her- 
cules, Lacrosse, X-17, Minute- 
man, Pershing, Nike Zeus, 
Sparrow III, X-15, Bomarc, Lit- 
tle Joe, and Bullpup. 

For further information con- 
tact Personnel Director of any 
of these plants: Huntsville, Ala.; 
Elkton, Md.; Moss Point, Miss.; 
Brigham City, Utah; Trenton, 
N. J.; Bristol, Pa.; Denville, 
N. J.; Marshall, Texas. 


Theokol. 


is Research to the Core 


THIOKOL CHEMICAL CORPORATION 
Bristol, Pennsylvania 


®Registered trademark for the Thiokol Chemical Corp. for 
its rocket propellants, liquid polymers, plasticizers and 


other chemical products. 
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nautics. It is 92 ft long and weighs 
over 100 tons, with a stretching 
maximum of 50 tons and a mini- 
mum of two tons. It will radial- 
form a 48-in. stainless steel sheet. 


PART II 


by E. W. Feddersen and J. A. Elder, 
Chief, Manufacturing Research & Development, 
& Engineering Publications Editor, resp., Con- 
vair-Ft. Worth* 


One OF the most promising 
new forming methods is the high- 
energy-rate process. A “high en- 
ergy rate” in this connection im- 
plies a very great power that’s ef- 
ficiently and forcibly exerted at 
speeds of over 100 fps. A special 
case of this new process is explo- 
sive forming, which the energy of 
the shock wave and the expanding 
gas bubble from a chemical explo- 
sion in a fluid (usually water) is 
used to change the shape of a ma- 
terial. Convair’s explosive-forming 
method, known as “Dynaforming,” 
has already been programed for 
production parts fabrication (Figs. 
The 33) 

We have classified present pro- 
duction part shapes into four cate- 
gories: 4 

e preformed hollow bodies that 
are expanded, 

e cup shapes drawn from flat 
planes, 

e flat and contoured panels, 

e straight and curved channels. 

The first two categories offer the 
greatest potential for explosive 
forming. The other two don’t lend 
themselves well to the new proc- 
ess; they are produced much more 
cheaply by conventional drop-ham- 
mer or hydropress methods. 

The natural shape of a plate ex- 
posed to explosive forming and al- 
lowed to deform freely is approx- 
imately parabolic. It follows that 
shapes based on or developed from 
a parabolic curve are ideally suited 
to the new method. So are cylindri- 
cal, spherical, and conical shapes, 
in whose case explosive forming is 
easily combined with bending and 
deep-drawing. 

The equipment required for ex- 
plosive forming is simple, consist- 
ing essentially of a water tank and 
die handling and storage facilities. 
The Convair installation, which 
cost an estimated $30,000, will 
handle the same maximum-size 
parts as would normally require a 


* Convair Div., General Dynamics Corp., 
Grant’s T.ane, Ft. Worth 1, Texas 


hydraulic press costing about $1,- 
600,000. Also, explosive forming 
requires only one die, while most 
other forming methods require 
two. 

The process itself imposes no 
limitations. Parts of any size can 
be formed, so long as you have 
enough space in which to set off 
the desired explosion. 

Dies don’t have to be submerged 
in a water tank. Instead, a water 
container can be designed as an 
integral part of the die so that the 
work piece serves as a part of the 
tank bottom. The most serious 
practical limitation is imposed by 
the handling equipment for the 
large, heavy dies. 

From a production standpoint, 
Dynaforming has two drawbacks: 
It lacks controls and there is no 
repeatability. To overcome these 
problems, Convair has developed 
three new high-energy-rate metal- 
working machines, the first of 
which is the Dynapak (Fig. 4). 
This machine is used to forge, ex- 
trude, compact, shear, and blank 
metals and other materials. It’s 
only 25 per cent as large and heavy 
as conventional tools. Reliable, 
simple to operate, and inexpensive, 
it produces precision parts that 
can’t be shaped by conventional 
machine tools. 

The model 1200 Dynapak, a 
12-in. bore machine can develop 
energies of 160,000 ft-lb but is only 
three feet wide, three feet high, and 
12 ft long. It’s fastened to the floor 
by only six bolts. The floor loading 
is almost zero. 

Though not all the phenomena 
they involve are fully understood 
yet, the high-energy-rate processes 
nevertheless represent a _ metal- 
working breakthrough. It appears 
that many metals, including high 
strength, high temperature steel, 
have hydrodynamic behavior— 
they flow as if they were plastic. 
High-energy-rate forming  there- 
fore may open up an entirely new 
metal-working approach, in which 
high pressures are rapidly applied 
to more material as a fluid. 

Because of the extremely high 
pressures it generates, Dynapak 
produces parts that can’t be made 
in any other way. For instance, it 
extrudes parts with web_ thick- 
nesses of 0.01 in. and forges to 
zero draft angle. Eventually, such 
performance could lead to parts 
that are “born to shape” in an 
optimum design and require very 
little or no machine finishing.—End 
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As by-products of extensive development work in 
the field of high-pressure pneumatics, Chandler 
Evans has—over the past several years—designed, 
developed, tested and produced a number of hot 
gas servo system components, some of which are 
presented here. 


The products shown and described were devel- 
oped for use with high-pressure hot gas generated 
from liquid or solid propellants, and are suitable 
to such applications as auxiliary and control power 
systems for guided missiles and space vehicles. 


All the components shown are developed items, 
ready for use. However, because they have been 
fabricated to meet the requirements of particular 
applications, the specifications presented should 
be considered only representative. Design modifi- 
cations can readily be made to adapt these devices 
to your requirements. 


If you, too, are engaged in hot gas systems work 
and want to save considerable time and money in 
development, by using proven components not 
heretofore available, CECO will be happy to afford 
you its traditional cooperation. 


For detailed information on these and other 
components, or for data on CECO’s hot gas servo 
systems, contact any of the Field Engineering 
Offices listed at the right. 
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CECO 


SYSTEMS 
CONTROLS 


DLER EVANS CORPO. 


LIGHTWEIGHT HYDRAZINE 

REACTION CHAMBER 

This reaction chamber, containing a suitable catalyst 
bed and injection nozzle, is used to generate hot 
gas. When hydrazine from a pressurized source is 
introduced, the catalyst immediately initiates a chem- 
ical reaction which continues until the fuel supply is 
exhausted. 


Representative specification: 


Operating temperature................ to 1800°F. ; 
Operating pressure. 8c ee to 2000 psi 
Flow: capacity 0.2 isco iat. hk eeeeenee 10 Ib./sec. 


Operating time . 2.2. 6 os ee ee eXCess SFO brs: 
Weight (including catalyst)............. 1.27 lbs. ; 
SIZE AGEN Rc iaiilee otk ce Ore 1,50) ©:D2x05.00 


REED-SUSPENDED, CLOSED 

CENTER SERVO VALVE 

Developed for use with hot gas produced by decomposi- 
tion of liquid propellants, the servo valve shown here 
is currently available in a variety of sizes to accommo- 
date the requirements of individual applications. 


Representative specification: 


Inlet gas supply pressure.......... to 2000 psi 
Inlet gas supply temperature....... to 1500°F. 
Operating temperature (ambient)... to 350°F.* 
Valve strokes... tank ee ee ee +.004” 
Flow capacity (total gas flow)... ... .01 tb./sec. 
air @ 1500°F., 2000 psi 


Overboard leakage 


(valve at null position)... ....... 10% of total flow 


Power input (maximum)........... 2 watts 
Natural frequency. ......7.... 14). .--°430ieps 
Weightsg irk. Sie ee 1.00 Ib. 
SIZE AAI ee RA eR ee UZ SAX 27 Sa XA Oe 


* With additional torque-motor cooling, 
ambients to 1200°F. can be tolerated. 
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PROPELLANT 

FLOW MODULATING 
AND PRESSURE 
REGULATING VALVE 


The problem of operating hot gas generators at a 
specified constant pressure level led to the design, test 
and development of the liquid fuel regulating valve 
pictured here. 

This valve may be described as a spring-loaded, spool- 
type throttling valve. Full open when the pressure at 
its outlet port (gas generator pressure) is low, it 
progressively closes off as the outlet pressure increases. 

With minimum leakage an important objective, the 
valve shown meets the following specification: 


Flows (hydrazine ecraces) seamen ieee -002 to .02 Ib./sec. 
Upstream pressUremiccss aeons ccs os ote 500 to 3000 psi 
Regulated pressure. ............-...--- 500 to 2000 psi 
Temp enatlneveaner cients ie omic otek 0° to 200°F. 

Wiel ght rem tete e hueteie remain. Wis mae 38 Ib. 

STS ES Sie oy Sia eg ge ar kD © Dexa O01 


Limited Cee in regulated pressure can readily 
be accomplished by means of a simple adjustment 
screw. Broader changes in regulated pressure or in flow 
capacity can be accomplished through slight re-design 
of the spool or spring elements. 


SOLID PROPELLANT HOT GAS FILTER 


Since small-orifice areas of servo valves cannot tolerate 
contaminants produced by combustion of solid propel- 
lants, CECO found it necessary to develop the special 
hot gas filter shown here. Unlike those heretofore 
available, this filter can easily be cleaned for re-use 
and has amply demonstrated its ability to withstand 
the temperatures and pressures encountered in hot 
gas systems. 

It operates as follows: hot gas flows into an annulus 
between the filter element and housing, then diffuses 
through to the outer surface of the element, depositing 
solid particles as it goes. With gas flow at .015 lb./sec., 
this filter operates for several minutes, with average 
contamination, filtering out particles as fine as 10 
microns. 


Representative specification: 


Operating temperature...............- to 1800°F. 
Operating! pressure an... siete i to 2000 psi 

Initial pressure drop at.015 Ib./sec....... 2 psi @ 1000 psi s 
Filter nousinGisiZemern or ri eae 1.38 O.D.” x 5.00 
Wieighitatice sisrta rotten et er ae hor -88 Ib. 


HOT GAS PRESSURE RELIEF VALVE 


Typical of component hardware developed by CECO 
in its work with hot gas servo actuation and reaction 
systems is the valve pictured here. While it can easily 
be modified to satisfy other requirements, specifica- 
tion for the valve shown is as follows: 


Reliefspressure soe etn ak. oe ato Ne 1000 psi* 

Reseat pressurentssc se ie eee anv 950 psi 

GLOW. ts Aa ra NOE secre tr es ee .02 Ib./sec. @ 1000 psi 
LEMpELaturesecarhot. ca pots 1800°F. 
Weightiss a2. cher cake aa anes .032 Ib. 


* Adjustable from 800 to 1200 psi. 


HOT GAS REACTION CHAMBER 
FOR LABORATORY USE 


This unit is used as a ‘“‘workhorse”’ hydrazine re- 
action chamber to provide clean, hot, high-pressure 
gas for test purposes. 


Ideal for laboratory use, its flow rates range be- 
tween .001 and .1 lb. sec., and may be extended in 
either direction by changing nozzle and load orifice 
sizes. Operating temperatures are between 1200°F. 
and 1800°F. with pressures to 2000 psi. 


The chamber is preheated by an electrical coil, a 
feature which facilitates repetitive starting without 
need for disassembly between test runs to renew 
the catalyst. 


The above picture shows CECO’s generator with 
the pressure regulating and flow modulating valve 
in position. For those who require a complete, 
“packaged”? system for providing a continuous 
supply of hot gas, Chandler Evans can supply a 
complete laboratory model hot gas generator sys- 
tem including the fuel storage, pressurizing, purging 
and pressure regulating elements in addition to the 
gas generator reaction chamber described above. 


WEST COAST 
WILLIAM B. GURNEY 
7046 Hollywood Boulevard 
Hollywood 28, California 


MID-WEST 
KENNETH L. MOAN 
Room 305, Spitzer Building 
Toledo 4, Ohio 


 @ ECO EAST COAST 
ROBERT M. CAMPBELL 
SYSTEMS . 
CONTROLS Chandler Evans Corporation 


Charter Oak Boulevard 
West Hartford 1, Connecticut 


CHANDLER EVANS CORPORATION 


Literature, including a reprint of this ad, 
available by request to Department 69. 


Write in No. 38 on Reader Service Card at start of Product Preview Section 
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Large, small, 


regular or irregular... 


designers depend on 


PROTOTYPE OR 
PRODUCTION PARTS 


“kKawolo 


Precision formed by 


hydroforming, deep 


drawing or spinning NC 


Citi dias ditas baat sai ahaha Mi tse 


Ultra modern plants equipped with high efficiency metal forming 
machines, plus experienced metal-working engineers, assure metal 
components of the highest accuracy. KAUPP craftsmen can work 

to closest tolerances and are thoroughly familiar with the problems 
involved in fabricating today’s 
critical applications. Highest inspection standards insure rigid 
adherence to specifications on instrument cases, covers, weldments 
and sub-assemblies for commercial and military electronics. 


modern metals for the most 


Figure on KAUPP 
for Precision 
Components of — 


e MU METAL 

¢ BRASS 

¢ INCONEL 

* ALUMINUM 

* COPPER 

e CARBON STEEL 

e STAINLESS STEEL 
e NICKEL 

¢ MAGNESIUM 

¢ TITANIUM 

* SILVER 

e SPECIAL ALLOYS 
© HAYNES SIELLIUE 


Request a copy of the 
KAUPP Facilities Bro- 
chure or recommenda- 
tions on your specific 
metal components. 


Cc. B. 


KAUPP 


& SONS 


NEWARK WAY 


MAPLEWOOD, N. J. 
Tel. SOuth Orange 3-2490 


production 
& materials 
engineering 
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comes into its own 


@ Even small computers suitable for 
numerical lofting 


@ Further expansion foreseen through 
APT projects 


by Arthur F. Eskelin, Manufacturing RGD 
Engineer, Norair Div., Northrop Corp.* 


Tue “blue sky” theory of putting an equation into 
a high speed electronic computer and coming out with 
a punched or magnetic tape that can machine an 
airplane wing 1s not far from reality. Equations for a 
complete wing of a wind tunnel model have been 
processed through a small electronic computer. The 
result was an output tape controlling all motions needed 
to machine the entire airfoil surface of the wind. 

An even better example is the fuselage of the 
Northrop N-156F fighter. All of it is defined in equation 
form and stored on punched tape. In minutes, data 


* Norair Div., Northrop Corp., 1001 Broadway, Hawthorne, Calif. 
more on next page 


FIGURE 1: Perspective sketch of N-156F nacelle frames 
(below ieft), cross-section of nacelle frame at station 299 
(below right), and nacelle frames on Kearney & Trecker 
profiler (above). 
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OW THERE IS A BETTER 
WAY TO SEAL 
WAVE GUIDES 


38 


_KQX 


SESE 
OR AEEST, 


PREVENTS R/F LEAKAGE 


Metal-to-metal contact with “engraved 
fingers’’ on inside surfaces assures 
electrical continuity. 


PROVIDES NO-LEAKAGE SEALING 


Controlled confinement of seal gland 
assures Safe, sure, positive sealing — 
exceeds top hermetic specs! 


ELMINATES ARCING AND/OR BURNING 


Designed to exacting requirements for 
proper mating of flanges as specified. 


CAN BE RE-USED 

Seal is never “squeezed” beyond 
elastic limits, “memory” is constant, 
before, during and after fastening. 


ECONOMICAL 


Eliminates cleaning or resurfacing 
flanges, no intricate machining required 
to accommodate the seal, and they’re 
resuseable with just normal care 


v¥ STANDARDS FOR W/R SERIES 


Electr-O-Seals are available as standards 
to WR series Wave Guide flanges, 
assuring adequate supply and economy. 


In addition to the standard WR series wave 
guide flange seals, Parker Seal Company 
also makes special seals to meet almost 
any specification or configuration. A nation 
wide group of field engineers are available 
to aid in expediting your requirements. 

For more complete information send for 
catalog 5801. 


Parker SEAL COMPANY 
Culver City, California and Cleveland, Ohio 


A DIVISION OF PARKER-HANNIFIN CORPORATION 


Write in No. 40 on Reader Service Card at start of Product Preview Section 
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ANOTHER view of N-156F nacelle 
frames on Kearney & Trecker pro- 
filer. 
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FIGURE 2: Body plan lines of na- 
celle frame, developed from com- 
puted data. 


can now be computed, a machine 
control tape punched, and the 
fuselage templates or jig masters 
machined to accuracies far bet- 
ter than those obtained in even 
the most careful handwork. Often, 
the accepted tolerances of hand 
methods are cut by one half or 
more. And the higher accuracies 
—which result from the direct 
use of the basic dimensional data 
—are obtained in a fraction of 
the time needed for handwork. 


A natural outgrowth of 
numerical lofting 


Surprisingly enough, this type of 
numerical control can be done 
quite efficiently even with only a 
small general-purpose computer. 
The basic lines and data develop- 
ment group at Norair found that 
continuous-path numerical control 
is a natural outgrowth of numerical 
lofting. Nevertheless, it was a great 
day when the smaller computer was 

more on page 100 
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... equipped, of course, 
with Auto-Lite. Wire 


America’s leading airframe 
and missile manufacturers specify 
Auto-Lite Wire for quality and 


extreme performance characteristics 


Wire problems caused by high temperatures, fuels 
and lubricants, chemicals, and other agents are 
quickly solved when you call on Auto-Lite. At your 
service is America’s foremost wire research facility 
—the Auto-Lite Wire Research Laboratory at Port 
Huron, Michigan. This ultra-modern laboratory is 
completely equipped to perform all qualification 
tests of wire for military specifications. For proven 
quality and reliability, specify Auto-Lite. 


AUTO-LITE. 


GENERAL PRODUCTS GROUP 
WIRE AND CABLE DIVISION * TOLEDO 1, OHIO 


Plants at: Port Huron, Michigan e Hazleton, Pennsylvania 


Look to Auto-Lite for all classes 
and types of aircraft wire meeting 
these specifications: 


MIL-W-S086A MIL-W-16878C 
MIL-C-7O78A NAS-702 
MIL-W-8777A NAS-703 
MIL-W-7O72A 


WRITE FOR 
complete aircraft 
wire catalog 


Listen to NBC ''NEWS ON THE HOUR" brought to you by Auto-Lite 
Monday through Friday, 7 a.m. to |! o.m 


Write in No. 41 on Reader Service Card at start of Product Preview Section 
99 


NUMERICAL CONTROL .. . 


NUMERICAL CONTROG 


Typical Equations 
KES SESE GEE EEO; e  é%™°e  W ' " ?* ir re —|i'—.Qr1111 9 
lynomial) : 
Nacelle, plan view, outboard maximum half-breadth (Power poly : 
0.01X 034701 + 0.0874887Y1 — 0.41? + 0.17765239Y13 + 0.60243621Y34 
— 3.02481974Y15 + 6.00005260Y 18 : 
Nacelle, profile view, outboard maximum half-breadth (straight line) : 


Z = —0.0788873Y + 20.55786 


Nacelle, er inboard radius (cubic) : 
‘a 0000007024853 33 — 0.001386145Y12 + 0.085Y1 + 0.3000 


Typical body plan conic 
Z= — 0.1268863X 


— 82620390 + VW — 9404746X2 + 2.0966794X + 68.2612890 


One-piece Nozzle 


Write im 42 on Reader Service Card at start of Product Preview Section 
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Two rotor blade segments, one 
with two blades, and one with 
three blades, produced by Misco’s 
DOUBLE-V (Vacuum Melt and 
Vacuum Cast) System, of Udimet 
500; and a one-piece cast nozzle of 
stainless steel, — are used in the 
turbo-pump of the X-15 power- 
plant. These castings were sup- 
plied to Reaction Motors Division 
of Thiokol Chemical Corporation. 
Send us your inquiries and details 
of your requirements. 


/ ce Veewstin Gi 


ao Plants in © : 
WHITEHALL, MICHIGAN : 
MUSKEGON, MICHIGAN | : 


replaced with a Bendix G-15D. The 
small computer was a fine lofting 
unit. However, it didn’t have the 
storage capacity for numerical con- 
trol nor could it punch a numerical- 
control tape. 

The senior linemen and lofting 
mathematicians still like the flexi- 
bility of working in and out of a 
small computer in machine lan- 
guage. In this way, they get a 
quick check on their work and can 
easily correct errors and make 
changes in their program. 


N-156F ribs are example of 
semi-automatic program 


An outstanding example of semi- 
automatic programing is _ repre- 
sented by the N-156F’s fuselage 
and nacelle frames, or ribs. Eight 
ribs per airplane were machined 
from plate stock for the first 
release of the prototype aircraft. 
Three pairs of ribs were machined 
from 7075 aluminum alloy, and 
one pair from 4340 steel, which 
was heat-treated to 180,-200,000 
psi after rough machining. Rough- 
machining before and finish-ma- 
chining after heat treat were done 
by digital numerical tape con- 
trol in a two-shift operation on 
three three-dimensional Kearney 
& Trecker profilers using Bendix 
control systems. 

The nacelle frames support both 
the internal air duct skins and the 
external nacelle skins (Fig. 1). 
Their contours were developed by 
the lines group, which then took 
the mathematically determined 
contour data for both open and 
closed bevels, processed them 
through the computer, and came 
out with a tape to machine the 
parts. 


Numerical control offered 
speed, flexibility 


We chose numerical control 
over tracer profiling for several 
reasons. Engineering hadn’t stabi- 
lized the design enough to justify 
the long hours of making tracer 
patterns and templates. The manu- 
facturing schedule was so tight 
that we couldn’t afford the long 
lead time needed to prepare data, 
templates, and patterns. Numeri- 
cal control, we hoped, would 
shorten the lead time. Another 
reason was that numerical control 
offered the cheapest and quickest 
way of making engineering changes. 

The lines group tackled quite a 

more on page 102 
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Universal Fluid Coupling and Expansion Joint 


FLEXIBILITY-PLUS 


an large high pressure missile and aircraft piping installations 


| 


@ Qualified for missile 


P An outstandi devel i ir- 
A denirchatinics n ou ing development in air 


borne system plumbing, Universal Fluid 
Couplings permit axial, angular and 
rotational misalignment and withstand 
greater lateral displacement than any 
bellows currently available. They have 
been qualified for 5” and 9” lines... 
and are available in line sizes from 
AEG OR2A 


The Universal Fluid Coupling is typical 
of the advanced design and develop- 
ment capability of Reaction Motors— 
pioneer of rocket engines, missile com- 
ponents and ground support equipment. 
Capabilities include all facets of design, 
development and qualification tests. 
All phases of environmental and flow 
tests are performed with Reaction 


@ No pressure limitation 


a 


@ 1,200,000 life cycles 
without failure 


@ 4 weight of bellows 
@ Suitable for conventional 
and cryogenic fluids 


® Smooth internal 
passageway 


@ No leakage 


@ Stands up to wide 
temperature extremes 


@ Currently used in 
Atlas ICBM 


Venturi shut-off valve 


For cryogenic, corrosive or con- 
ventional fluids. No larger than 
line section it replaces. No dy- 
namic seals. Working fluid ac- 
tuated. Cavitating or non-cavi- 
tating. 


ie 
[ 
{ 
| 
1 
| 
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Explosive actuated 
on-off valve 


For all liquids and gasses. Re- 
usable without disassembly or 
removal from line. 


Motors own facilities. Wide experience 
in handling cryogenic, boron fuels, con- 
ventional fluids. Currently in produc- 
tion on huge (11”) ICBM cryogenic 
and conventional valves, IRBM regu- 
lators, X-15 components and valves 
for classified projects. 


Production deliveries in 6 to 12 weeks! 


Pressure regulator 


For all gasses. Missile quali- 
fied, — 65°F operation, up to 
3000 SCFM. High dynamic re- 
sponse. 


Disconnect-Check valve 


For cryogenic, corrosive and 
conventional fluids. Missile 
qualified. Up to 11” line size 
(world’s largest flying valve). 


In production. Minimum pres- 
sure drop. 


Components Department REACTION MOTORS DIVISION 


Ford Road, Denville, New Jersey 


Write in No. 161 on Reader Service Card at start of Product Preview Section 
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*Pat, No. 2,696, 
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the largest electrodeposited 
“nancake” slip ring 


FOR THE UNITED 
STATES AIR FORCE 


WHAT IT DOES: This unit is incorporated 
in the U.S. Air Force AN/FPS-26 Intercept 
Radar System, on which Avco-Crosley is 
the Prime Contractor to the Air Materia! 
Command’s Rome Air Material Area — 
Griffiss Air Force Base, New York. The 
antenna and pedestal will stand three 
stories high and be housed in a radome 
about 50 feet in diameter. 


The assembly is composed of a-plastic 
disc 48” in diameter and %” thick 
mounted on a cast aluminum housing. 
The 53 circuit slip ring disc is cast of 
highly filled epoxy resin -and is the 
largest single-piece “pancake” slip ring 
ever manufactured using the electro- 
deposition process. 


Nine aluminum brush blocks are pro- 
vided, in three groups of three blocks 
each, spaced 120° apart. The brush 
blocks are mounted on a second cast 
aluminum housing. Outstanding perform- 
ance has been verified by operational 
tests. 


Many other unique space, function, and 
reliability problems involved in gyros, 
inertial guidance, instruments, radar, 
and switching are being solved with 
Electro Tec slip rings*—miniatures as 
well as giants. 


Write for information on individual com- 
ponents or complete assemblies de- 
signed to meet the most stringent elec- 
trical, mechanical and environmental 
specifications. 


570 and other patents pending. 
Write Electro Tec Corporation on all your slip ring requirements. 
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hp 
So 


WORLD WAR Il 


CONVENTIONAL 
MACHINING 


KOREAN WAR _ 


RELATIVE COST 
S 


a oO 


0.02 0.016 0.012 0.008 0.004 
TOLERANCE (IN.) 


RELATIVE cost of numerical control 
vs decreasing machine tolerances. 


DOOR PANEL for Northrop F-101 
is produced on_ tape-controlled 
Kearney & Trecker milling machine. 


job. It had to do a five-axis job 
on a three-axis, numerically con- 
trolled profiler. Not being machin- 
ists, its members also didn’t know 
very much about metal cutting 
techniques or tools. However, the 
group did the job much faster 
than it could have been done by 
any other method and dimension- 
ally much more accurately. 

The Norair lines group uses a 
niathematical concept in develop- 
ing the first shape of the aircraft 
that is expressed in rather complex 
equations. Once these are set, all 
data line layouts are obtained 
through the Bendix G-15D com- 
puter. By inserting a group of 
equations in the computer at one 
time, we can develop automatically 
the coordinates of any structural 
member. 


Calculates coordinates on 
all control lines 


For machined frames, this com- 
puting sequence is followed: 

e The equations are loaded into 
the computer on prepunched tape 
(see Table). 

e The computer is given in- 
structions for the desired area and 


ELECTRO TEC CORP. i.e 


calculat i - 
P.O. BOX 37K, SOUTH HACKENSACK, N. J. BLACKSBURG, VA., ORMOND BEACH, FLA. ns (Fi), Eee 


trol lines (Fig. 3). Enough data 

more on page 104 
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e alloy steels, 


high-temperatlt 

ties necessary to its function. (Exclusive i 

able at te mperatures even higher than 890°, limited only 

rogress in high-temperature alloy steels. ) Positive guarantee against sudden 
complete operational failure an other draw acks of gynthetic-elastomet seals 
in extreme operating conditions. 

4 No “shelf life” problems. No “cyre-date” jimitations 2° gre necessary with 

tic-elastomer seals. 


synthe 


Missile. Seal fee 


: Bros. MFc. Co: 


: Aircraft 
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GROW WITH 


AIRESEARCH 


IN ELECTRONICS 


e AiResearch Central Air Data Computer for North American’s A3J, Navy's first 


weapon system, provides information dealing with bombing, navigation, engine inlet 
control, radar, automatic flight control and cockpit instrumentation. 


Expansion in electronics and electromechanical activity is creating excellent 
openings at all levels for qualified engineers. Diversified programs include 
Central Air Data systems on the Air Force B-70 and F-108, North American 
A3J and McDonnell F-4H, as well as other commercial and military 


aircraft and missile projects. 


Openings in the following areas: 


FLIGHT SYSTEMS RESEARCH General prob- 
lems in motivation and navigation in 
air and space; required background 
in astronomy, physics, engineering. 
DATA SYSTEMS RESEARCH Experience with 
physical measuring devices using 
electromagnetic, atomic, thermionic 
and mechanical approaches. 

CONTROLS ANALYSIS Work in preliminary 
design stage involves servomecha- 
nisms analysis and analog computer 
techniques. 

FLIGHT DATA COMPONENTS Analysis pro- 
posal, design and development work 
in the following specialties: circuit 
analysis, servo theory, transducers, 
transistors, airborne instrument and 
analog development of high and low 
temperature problems, 


e ELECTROMAGNETIC DEVELOPMENT Work with 
magnetic amplifiers requires knowl- 
edge of electromagnetic theory, mate- 
rials and design methods. 

e INSTRUMENT DESIGN Electromechanical 
design of force-balance instruments, 
pressure measuring devices, precision 
gear trains and servo-driven position- 
ing devices. Experience in electrical 
and electromagnetic transducers 
desirable. 

© AIRBORNE INSTRUMENTATION ANALYSIS 
AND DESIGN Work involves solving 
problems in accuracy, response and 
environmental effects. 


eoceceescece eeoeeserecececeo eee aeeeeens 


Send resume to: 
Mr. Robert Richardson 
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THE (77. \ 1 i433 CORPORATION 


AiResearch Manufacturing Division 


9851 SO. SEPULVEDA BLVD., LOS ANGELES 45, CALIFORNIA 


Check Employment Inquiry Form on Page 217 
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result to develop shapes like the 
one in Figure 2. 

As the contours of this shape 
are also the mathematical shapes 
of the radii or conic families, the 
computer is instructed to establish 
the appropriate formulas and de- 
termine by calculus the slopes 
tangent to the surface, the coordi- 
nates on the surface, and the 
center line of a ball-shaped cutter 
at predetermined increments along 
the periphery. 

e Because the size and shape of 
the frames vary longitudinally, the 
computer is next told to duplicate 
the computing procedure in 0.1-in. 
steps for the depth of the flanges. 
The result is a part with correct 
bevels as well as the desired con- 
tour. Only minute machining marks 
are left by the stepping procedure. 


Computer figures cutter’s 
center path 


The computer calculates the 
cutter center path for the pre- 
scribed radius of the ball-nosed 
end mill. As each coordinate point 
is calculated, it is punched into 
Mylar tape in X, Y, and Z values. 
Feed rate and parity checks are 
also punched (in a code read by 
the tape reader at the machine 
tool). 

This data then is interpolated 
into AX, AY, and AZ motions of 
the machine tool slides. The ma- 
chine axes, or slides, are defined 
in the Cartesian coordinate system 
and stated in alphabetical order. 

Once the X-axis has been ori- 
ented and the X-Y plane estab- 
lished with relation to the machine 

more on page 109 


FIGURE 3: Nacelle control lines, 
on which coordinates are computed 
automatically. 
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P&WA POWER KEYS 
FLIGHT PROGRESS... 


AW 

SS 

TASS 
1925—The original P&WA 
Wasp was the first radial 
engine to reach 400 hp. This 
engine, and its more power- 
ful successors, helped bring 
world leadership in air power 
to America in less than five 
years. 


1930s—P&WA power in early 
airliners pioneered the trans- 
continental and transoceanic 
operations of U.S. flag car- 


riers. | 


aR Ks 


1940s—P&WA and its li- 
censees delivered over six 
hundred million horsepower 
to the war effort, half of all 
the horsepower powering the 
combined American air 
forces. 


1950s—P&WA developed 
high-power, low-fuel-con- 
sumption jet engines for 
bombers, fighters, tankers, 
missiles and commercial jet 
airliners... 


... AND THE STORY 
OF FLIGHT HAS 
ONLY BEGUN. 


The exciting conquest of space depends on power—and power is Pratt & Whitney 
Aircraft’s job. One of America’s newest space projects, for example, will depend on 
an advanced, high-energy upper stage rocket propulsion system, the XLR-115, 
designed and developed by Pratt & Whitney Aircraft. The system draws heavily on 
Pratt & Whitney’s unmatched experience in handling liquid hydrogen fuel. 

This is only one of many projects which demonstrate that power is indeed the key 


to flight progress. 


PRATT & WHITNEY AIRCRAFT 


East Hartford, Connecticut 
A division of United Aircraft Corporation 
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The Marquardt Hyperjet combines both rocket and 
ramjet in a single, integrated engine system — produc- 
ing maximum performance from both. It is an engine 
with controlled rocket thrust for static launch, boost, 
operation in space and re-entry. It is an engine utilizing 
the ramjet’s superior specific impulse for acceleration 
and hypersonic cruise within the earth’s atmosphere. 


From earth to orbit, the Marquardt Hyperjet delivers 
twice the average specific impulse of today’s best 
rockets, permitting heavier payloads at minimum cost. 
Yet this same, single propulsion system outperforms 
any other for hypersonic flight within the atmosphere 
— shrinks both size and weight of the vehicle required 
to deliver any given payload. 

This, then, is the Marquardt Hyperjet: a new propulsion 
system with applications to small and large vehicles — 
manned and unmanned — ground- and air-launched — 
for operation in and/or out of the earth’s atmosphere. 


If you have an applicable mission — and the need to 
know — you are invited to contact: Paul J. Papanek, 
Director of Marketing, Power Systems Group, 16555 
Saticoy Street, Van Nuys, California. 


Marquardt Advanced Power Systems for Air and Space 


~ NEW MARQUARDT HYPERJET 


delivers greatly improved propulsion | 


ng 


\ from earth to orbit 


\ 


- —and for hypersonic flight! 


ee es : * 


Imagine missions at speeds beyond those of any turbojet — 


involving smaller and lighter vehicles, longer ranges and 


heavier payloads than those possible with today’s rocket 


engines. These are missions for the Marquardt Hyperjet 
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Much of United Aircraft Corporation’s success may be attributed to its ability to deter- 


mine the genuinely significant areas of technology before committing valuable talent 
and resources, 


Having made its decision . . . the concentration of effort . , . the engineering break- 
through . . . the right product, an accomplished fact at the right time is a matter of 


record — oft repeated. The significance of its accomplishments is a source of corporate 
pride . . . and confidence. 


Projects at Missiles & Space Systems share this same heritage of significance as we move 
into a new era of astronautics. If you are interested in joining a new organization des- 
tined shortly to demonstrate its significance, contact John North. 

MISSILES & SPACE SYSTEMS 4 Division of UNITED AIRCRAFT CORPORATION 


East Hartford, Connecticut 


Check Employment Inquiry Form on Page 217 SPACE/AERONAUTICS 


A dynamic, new 


DIVISION 
of the 


UNITED 
AIRCRAFT 
CORPORATION 


MISSILES & SPACE SYSTEMS 


was formed recently dedicated to the 
conception and development of ultra- 
sophisticated missile, orbital, and 
lunar projects. 


* 


The staffing requirements create 
brilliant opportunities for men with 
experience in electronic sub-systems 
who are now ready for the larger 
responsibility of systems integration 
and weapon systems engineering. 
Particularly valuable is experience in 
any of the following fields: 


Commuinications Systems 
Guidance Systems 
Computer Systems 
Radar Systems 
Countermeasures Systems 
Ground Support Systems 
Feedback Controls 


BENEFITS: highly desirable Con- 
necticut living; stimulating, vitally 
important work; “first aboard” ad- 
vancement opportunities; research 
facilities superior to those owned by 
any other corporation; opportunity 
for company-supported advance de- 
gree program; the assurance that 
you will join a corporate division 
that is destined to rank in status 
with Pratt & Whitney, Sikorsky, 
Hamilton Standard and Norden. 


Reply to Mr. John North 
MISSILES & SPACE SYSTEMS 


A Division of 


UNITED AIRCRAFT CORP. 
436 Main St., E. Hartford, Conn. 


es 
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tool, the rest of the geometry falls 
naturally into place. The X-axis 
can be considered as the first and 
basic reference of the machine 
tool. Transformation of axes can 
be done at any time during the 
computing or tape preparing proc- 
ess. This becomes necessary when 
a Y-axis as it might be defined in 
the basic control lines of the air- 
frame must be changed to a 
Z-axis in order to orient the part 
being machined with the coordinate 
axes of the machine tool. 

Numerical control offers import- 
ant savings—and not only by 
replacing expensive hard patterns 
and templates with a few feet of 
Mylar tape. With the same ma- 
chine control tape, for instance, 
you can make left- and right-hand 
parts—by simply flipping an invert 
axis switch at the machine tool. 
(Both parts shown in Figure 1 
are machined with the same tape.) 
On tracer machines, two patterns 
are needed for machining right- 
and left-hand parts. 

Both male or female templates 
can be made from the same com- 
puted data—you merely change a 
sign, which reverses the cutter offset 
from outside the male template to 
inside the female template. This is 
done during the translation or 
post processing part of the com- 
puting process. 

Savings in product design and 
engineering result from the greater 
freedom numerical control offers 
to design engineers. The greater 
operational capacity and versatility 
of the new method enables de- 
signers to call for parts that 
previously were uneconomical to 
produce. 

An engineering change can be 
made simply by splicing in a change 
of data in the Mylar tape. The 
spliced tape then can be regener- 
ated or reproduced on a Flexo- 
writer. In the end it results in a 
new tool good for machining a 
thousand or more parts to the 
requirements of the latest engi- 
neering change. And the whole 
change can be made in minutes or 
at most in hours, instead of in 
days and weeks. 


inventories can be kept 
at a minimum 


Numerical control certainly is 
getting to be an important part 
of Norair’s cost reduction program 
on the T-38 trainer and_ the 
N-156F fighter. It has cut tooling 


costs and lead time and raised 
productivity and machine use. 

Since set-up time is reduced, 
more actual metal cutting can be 
done in an eight-hour day. Con- 
sistently higher productivity is 
insured because operator fatigue 
and error are becoming things of 
the past. 

Inventories of costly replace- 
ments or spaces can be kept at a 
minimum, because machine set-up 
is So easy and you get exact 
duplication in machining. Accuracy 
from part to part and lot to lot 
is far better than what we get 
with previous methods of ma- 
chining airfoil shapes. 

The geometry of a part is stored 
permanently on the Mylar tape. 
It is read the same every time to 
the fourth decimal place, with 
rounding off at 0.0002 in. 

Inspection also is reduced to a 
minimum. After the tape is proved 
and the first article is bought by 
inspection, complete physical in- 
spection of each part is no longer 
necessary. Visual inspection on 
each part and complete physical 
inspection on every fifth to tenth 
part (according to lot size and 
complexity) is all that’s needed. 

During the computation of the 
cutter path, the time needed to 
machine the part is automatically 
computed, too, and typed out. It 
becomes a handy aid to the ma- 
chine loader and scheduler. 

Norair may be unique in the 
aerospace industry in having com- 
petitive computing systems and 
computers preparing tapes for 
numerical control. It is active in 
the industry-wide APT (Auto- 
matically Programed ‘1ools) which 
shows great promise for realizing 
the full potential of numerical 
control (see S/A, “Automatic 
Programing fits Automation to 
New Production Needs,” Apr. ’59, 
te, ee 

The APT system of computer 
routines conceptually can be ex- 
panded to the automatic program- 
ing of cutter paths, to machine any 
surface defined by equations or a 
series, or mesh, of points. Auto- 
matic lofting or fairing of lines 
through points describing a surface 
will soon be a part of the APT 
sub-routine library. 

Already the most conservative 
of all industries, the machine tool 
builders, are becoming the largest 
purchasers of tape and numerically 
controlled machine tools. Numeri- 


more on next page 
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VISIBILITY UNLIMITED... 


with U.S. RADIUM 
instrument panels 


Outside, blustery weather poses navigational problems for the 
pilot. Inside, however, edge-lighted panels by U. S. Radium assure 
maximum ease and efficiency during instrument flight operations. 


Only Lackon® panels are engineered to assure maximum legibility 
at all times, despite variations in illumination level. All meet MIL 
specification light ratios. While U. S. Radium Lackon® panels are 
Suited for use under darkened conditions, they are readily adapt- 
able for use with natural or artificial light. Contrast between 
characters and background is especially important in these 
applications and USR panels are produced in line with such 
Specification requirements. 


These are two of the many design advantages obtainable in U. S. 
Radium Lackon® panels. These and other advanced features are 
available throughout the entire USR line of edge-lighted panels, 
dials, knobs and knob skirts for airborne instrumentation and 
other types of electronic equipment. 


The company’s consulting engineers are available to discuss your 
instrument lighting problems. Write Department B11. 


UNITED STATES RADIUM CORPORATION 


MORRISTOWN, N. J. | Offices: Chicago, Illinois and North Hollywood, Calif. Subsidiaries: Radelin Ltd., 


Port Credit, Ont., Canada and U. S. Radium Corp. (Europe), Geneva, Switzerland. 


Write in No. 48 on Reader Service Card at start of Product Preview Section 


NUMERICAL CONTROL... 


cal jig borers and point-positioning 
machines of all types are being 
offered by every tool builder in 
the business. 

All sizes and types of machines 
with numerical tape control are 
available to the industry. At least 
five of the six basic arts of shaping 
metal are being advanced into a 
higher technology through numeri- 
cal control—drilling and boring, 
turning, milling, planing, grinding, 
and metal forming. Only in metal 
forming is progress coming more 
slowly, because of unpredictable 
variables. 

Numerical control is moving 
into the tooling industry faster 
than any innovation ever to hit the 
industry. The machine tool engi- 
neers are thinking more than ever 
of the stiffness or compliance of 
the machine tool. Machine tools 
are being offered with high-re- 
sponse, tape-controlled servo sys- 
tems operating on pulse values of 
25 pin. These small machines can 
machine or inspect a final precision 
part to accuracies approaching the 
fourth decimal place. 

The aerospace industry has an 
ever increasing demand for higher 
manufacturing capabilities. The 
time cycle from conception to 
series production is getting shorter. 
The new exotic metals and super 
alloys pose tougher machining 
problems, requiring lower cutting 
speeds and more cutting tool hours 
per part. Some of these materials 
will need inerted atmospheres dur- 
ing machining, forming, or weld- 
ing. Already we are thinking of 
combination units that can weld 
and machine on the same base. 

Five-axis machines will become 
more common. We're already 
faced with the needs to “wobble 
tools in space.” This means not 
only cutting tools but welding 
torches also must be controlled in 
five axes of motion or more to 
accuracies beyond the capabilities 
of human dexterity. How else can 
we meet these production chal- 
lenges of the “space age” except 
by using the powerful potential of 
automatic computers combined 
with numerically controlled ma- 
chine tools.—End 


CCC ee 


This special report continues on 
page 164, on which appears the 
first of four features covering elec- 
tronic production and _ materials, 
engineering. 
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SPACE/AERONAUTICS 


FREE 
DATA FILES 


Allied Boeenren 


DIAMONDS—SIGN 
OP FINISHING QUALITY 


PIRIDITE} 
Chromate Conversion 


Coatings for Non-Ferrous Metals. 


METAL FINISHING 
PROCESSES 


A complete line of quality products 
and processes developed primarily as 
a result of helping manufacturers like 
yourself solve their metal finishing 
problems If one of our present prod- 
ucts does not meet your needs, we’ll 
be glad to work with you to find an 
answer to your problem. 


Te 


TERILAC) Clear Protective Coatings 


for All Metals. 


® 
ISOBRITE Chemically Different 


Plating Brighteners. 
® 


TARP ) Process chemicals. 


CUXTITD rectiriers 


Silicon and Selenium, built to exacting 
specifications for long life, trouble-free 
service. 


@TXLLLD auto-.oapers 


for fast, economical transfer of racks and 
parts, conveyors to plating machines, 
between conveyors. 


EQUIPMENT AND 
COMPLETE SYSTEMS 
for Metal Finishing 


Process Engineered—Single pieces 
of equipment or all equipment neces- 
sary for a finishing operation—evalu- 
ated, designed, fabricated, installed 
and tested to match exactly your 
particular process. Ask about our 
Process Engineering Service. 


AUTOMATIC AND SEMI-AUTOMATIC 
PLATING MACHINES 


BARRELS, TANKS and other equipment. 


GYNEECID anoves 


in copper and zinc. 


) 
bdbit ahem FLAT COPPER 
ANODES 


CADMIUM, WHITE BRASS AND TIN ANODES in 
most efficient shapes. Acid Replacements, Buffs, Chemi- 
cals, Cleaners, Maintenance Materials, 


CHEMICALS AND SUPPLIES 


Prompt service on a wide variety of daily-use 
necessities for the plating room, delivered from 
warehouse stocks strategically located in cities 
in metalworking areas. 


Ask your Allied Field Engineer about our Subscription Plan 


Eo i C K EL R E ¢ ASTI | G S E RV j C E which combines your new nickel purchases with a service to 


recast your butts and spears, resulting in substantial savings. 


Allied Research Products, INC. | \rerrvotettior cxcrbing tect 


4004-06 EAST MONUMENT STREET nical details of our complete line, 

BALTIMORE 5, MARYLAND OR, phone your Allied Field Engi- 

Branch Office: 400 Midland Avenue, Detroit 3, Michigan neer. He's listed under ‘Plating 
Chemical and Electrochemical Processes, Anodes, Supplies” in your 'phone book. 


Rectifiers, Equipment and Supplies for Metal Finishing. 


Write in No. 49 on Reader Service Card at start of Product Preview Section 
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books 


Chambers Technical Dic- 
tionary, edited by Cask 
Tweney & L.E.C. Hughes. 
This new edition contains 55,- 
000 entries from 100 branches 
of technical activity, plus a 74 
page supplement with 5000 
more definitions of new terms. 
The Macmillan Co., 60 Fifth 
Ave.. New York 10, Nae 
$7.50. 


Fabrication of Molybden- 
um. Containing 18 papers pre- 
sented at a May 758 ASM con- 
ference at Los Angeles, Calif., 
this covers forming, welding, 
protection and coating of this 
metal. Book Dept., American 
Society for Metals, 7301 Eu- 
clid Ave., Cleveland 3, Ohio. 
$6.50. 


Mathematics Dictionary, ed- 
ited by Glenn James & R. C. 
James. Some 7000 definitions 
of mathematical terms, con- 
cepts and relationships are 
given in this revised edition. 
In addition, indexes give the 
Russian, German, French and 
Spanish equivalents of these 
terms. D. Van Nostrand Co., 
Inc., 120 Alexander St., Prin- 
ceton, N.J. $15. 


Rocket Encyclopedia, ed- 
ited by J. W. Herrick & Eric 
Burgess. This includes defini- 
tions of rocketry terms as well 
as descriptions of how various 
systems operate, including pic- 
tures and diagrams. Also in- 
cluded are tables of abbrevia- 
tions, symbols, engineering 
data, etc. Aero Publishers, 
Inc., 2162 Sunset Blvd., Los 
Angeles 26, Calif. $12.50. 


creating new engineering concepts and discovering solutions to Lubrication of Bearings, by 


those problems which serendipity has revealed ... is the task of the professional minds E. i Radzimovsky. This text 
is intended to familiarize the 
reader with the basic prin- 


Le Cah ciples of bearing operation and 
in this program, inquire immediately of N. M. Pagan, Director of Technical and Scien- the development and applica- 


tific Staffing, The Martin Company, P. O. Box 179, (Dept. AA-6), Denver 1, Colorado. tion of rational equations for 

bearing analysis. Examples are 

given of bearings construction, 

bearing materials and bearing 

i.) P-\ F27-7 rea analysis. The Ronald Press 
Co., 15 E. 26th St.” New 

DENVER DIVISION York 10, N.Y. $10. 
Check Employment Inquiry Form on Page 217 Write in No. 80 on Reader Service Cardamm> 
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at Martin- Denver. To individuals who possess this creative talent and who seek this 


stimulation, there is offered an opportunity for outstanding recognition. To participate 


WITH 
TUNGSTEN 


PIONEER’ Ss THRUST CHAMBER 


TAKES | BLASTING HEAT— LASTS 50% LONGER: 


Aerojet General Corporation dilded 50% more operating life to Pioneer's 
second-stage thrust chamber with Linde’s Flame-Plating process. Now, the 
lightweight aluminum tube, Flame-Plated with a thin (.003 in.) coat of tung- 
sten carbide, has thermal and erosion resistance that stands up to the 
metal-killing temperatures of the combustion flame. 

With this special Linde process, you can have metals coated with tung- 
sten carbide, aluminum oxide, and other materials to provide outstanding 
resistance to wear, abrasion, and fretting corrosion, even at extreme tem- 
peratures. If necessary, these coatings can be ground and lapped to one 
micro-inch rms or better. They consistently outlast hard chrome plating, 
tool steels, and in some cases, solid tungsten carbide. 

When. coatings of refractory metals such as pure tungsten, tantalum, 
molyb enum, and other ultra-high-melting-point metals are desired, Linde 

“Company offers its new “Plasmarc” Torch service. To find out how Flame- 
Plating or the “Plasmarc” Torch service can solve your critical temperature 


and wear problems, write Dept. (SXEIRBIJ Linde Company, Division . 
of Union Carbide ves geile 30. East 42nd Street, New York aes N. x. 


TRADE MARK 


“Linde”, “Union Carbide” and “Plasmarc”’ are trade-marks and F-L-P is a service rior of Union Carbide Corporation, 
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design 
progress 


Re 


by Randolph Hawthorne, £citor 


Thor ramjet 
develops 10,000 hp 


Liss than nine feet long and 1 ft. 4 in. 
in diameter, the Thor BT-1 ramjet devel- 
ops more than 100,000 hp at Mach 3. It 
is an early model of the engine used in 
RAF’s Bloodhound surface-to-air guided 
missile. Designed and built by Bristol 
Siddeley Engines Ltd., Filton, Bristol, 
England, the Thor is the first European 
production ramjet. It is designed for exter- 
nal pod mounting (with front and rear 
brackets). It was shown in cutaway form 
for the first time at the Society of British 
Aircraft Constructors Show at Farnbor- 
ough in September. For further details 
write in No. 60 on Reader Service Card 
for more information. _ 


AIR ENTERING intake (right) passes around streamlined island. Fuel is burned 
in it in the area surrounded by the perforated damper (center). The released 
combustion energy causes the burning gases to travel at very high speed 
down the tailpipe and through the exit nozzle (extreme left), producing for- 
ward thrust. 


WM QQ AQQQAOVOaEa{NY®BWVBVVUAQVQU@_EEEGSGVVEG{V¥E.GV¥v 
SS.  ,  WWy;j 60 62 04331 _]WW rrr W 


NOSE CONE and island details. The island is supported within the engine 
body by three vanes (top and lower left). Fuel enters through the upper vane 
and passes to the air-fuel ratio control (in cone), to which pressure signals 
are fed from the pressure head (not shown). 
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C 


ISLAND REAR 


ENGINE BODY 


=) 


FRONT MOUNTING 


PRESSURE NOSE CONE BRACKET 


HEAD ISLAND FRONT 


MAIN COMPONENTS of the Bristol Siddeley Thor BT-1 
ramjet (above). Air enters the annular passage between 
the island and the engine body and is slowed down to 
increase the pressure. Part of it enters the pilot air in- 
takes to provide a pilot flame. Injected through jets ar- 
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IGNITER COVERS 


PILOT AIR INTAKES NN 


FLAME STABILIZER DAMPER EXIT NOZZLE 


RADIAL GUTTER 


ANNULAR 
GUTTER 


JET HOLDER 


ASSEMBLY 
COOLING HOLES 


IGNITER COVERS REAR SUPPORT BRACKET 


ranged in groups of four, the fuel burns in the wake of 
an annular, V-shaped ‘‘gutter,’”’ after being lit by the pilot 
flame. The fuel controls are housed within the island 
and sense the air flow conditions through the pressure 
head. Below: Air intake interior. 


design 
progress 


FUEL jet holder as- 
sembly. On the trail- 
ing edge of each of 
three vanes, an as- 
sembly of four fuel 
jets is mounted. The 
fan-shaped device 
below the jets is the 
swirler (in the pilot 
combustion zone). 


ISLAND DETAIL of Thor BT-1 intake shows fuel feed 
(top center) to the air-fuel ratio control (right), from 


valve (left center) and then through a tube (extreme 


left) to the jets. Top vane is shown with fuel feed and 
where fuel passes around the feed elbow to a check control pressure pipes. 


TT 
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How to select 


Aerospace Engineering 


Accessory Systems 


Like any combination of highly complex 
mechanisms, the pairing of the right aerial 
camera with a vehicle for a given photo 
mission involves a lot of factors. This article 
offers a simple way of finding the para- 
meters that you want to consider before 
deciding on what camera to use. 


by Samuel Bousky, chief Scientist, 
Chicago Aerial Industries, Inc. 


Arta PHOTOGRAPHY is a highly complex 
business. Nevertheless, you can acquire enough of a 
working knowledge of aerial photography to be able to 
find the important factors for any given camera installa- 
tion and to evaluate the trade-offs involved in a first- 
order optimization. 

Because of space limitations, our discussion here of 
the factors in the selection of aerial cameras neces- 
sarily must use certain simplifications, approximations, 
and empirical relationships. Above all, we’ll consider 
only the simple case of a single, conventional, vertically 
mounted camera operated in level flight. 

All the parameters controlling the selection of aerial 
cameras are functions of either the target, the vehicle, 
or the camera itself. The parameters that depend 
primarily on the target or the target area are brightness, 
contrast, coverage, and definition. (For the sake of 


*Chicago Aerial Industries, Inc., 1980 Hawthorne Ave., Melrose 
Park, IIL. 
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brevity, we will from here on use the term “target” 
for both point and area targets.) 

Brightness is the value of the light reflected from 
the target and is measured in foot-lamberts. In aerial 
photography, it normally ranges from about 100 to 
1000 foot-lamberts. 

Contrast is the brightness ratio of light to dark in 
the target and is expressed as the common logarithm 
of this ratio. In actual targets and with recording film 
processed to a gamma of 1.4, it normally ranges from 
the recording threshold of about 0.025 to about 0.3 at 
high altitude and about 1 at low altitude under favor- 
able conditions. In computations, 0.1 at high altitude 
and 0.3 at low altitude can be used as mean values. 

Coverage is the distance on the ground that is 
spanned by the camera. “Lateral” coverage refers to 
distances normal to the flight direction and is measured 
in feet; “forward” coverage refers to distances along 
the line of flight and is measured in nautical miles. 

Definition is the smallest target dimension that can 
be spotted on the photograph and is measured in 
linear feet. There are two types of definition— 
“detectable” and “recognizable.” We will concern our- 
selves only with the latter, which is invariably the larger. 

The parameters that depend primarily on the vehicle 
and its flight are speed, altitude, drift, rotational 
instability, vibration characteristic, and photo mission 
distance. 

Speed is simply the groundspeed, measured in knots 
or feet per second. 

Altitude is the distance above the ground and is 
measured in feet. The speed altitude ratio (V/H), 
too, is an important parameter of aerial photography; 
also known as angular image rate, it is expressed in 
knots per foot or radians per second. 


more on nexf page 
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Drift is the angular difference between heading and 
bearing and is measured in degrees. 

Rotational instability covers the roll, pitch, and yaw 
deviations from straight-line flight. For our purposes, 
we need consider only the nominally peak roll and 
pitch rates, expressed in radians per second. 

The vibration characteristic can be neglected in our 
discussion, since vibration effects are readily controllable 
for any installation such as we are discussing. 

Photo mission distance is the total linear ground 
distance over which photographic operation is required. 
It equals the total forward coverage and is also 
measured in nautical miles. 

The parameters that depend primarily on the camera 
and its installation and accessories include format 
dimension, depression angle, focal length, relative 
aperture, optical transmission, filter factor, image 
motion compensation, cycling rate, exposure time, film 
supply and type, and emulsion sensitivity. 

The format dimensions are the length and width of 
the camera opening in the focal plane. In effect, 
therefore, they are also the frame dimensions. Depend- 
ing on how the camera is mounted with respect to the 
line of flight, these two dimensions are known as 
“lateral” and “forward.” Their standard values are 
2.25, 4.5, nine, and 18 in. 

The depression angle defines the camera’s mounting 
position with respect to a horizontal plane and is the 
angle formed by the optical axis with this plane. Since 
we are here dealing only with a vertically mounted 
camera, this angle is 90 deg throughout our discussion, 
and we don’t have to consider it any further. 

Focal length is the effective optical focal length of 
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the lens in the camera and is measured in inches. 

Relative aperture is the ratio of focal length to lens 
aperture and is often used to indicate lens “speed.” 
It is expressed in f/stop numbers. 

Optical transmission is the effective transmission of 
the camera lens and is expressed either as a percentage 
or as a decimal value. When its value is unknown, 85 
per cent, or 0.85, is often used as a reasonable 
approximation for the average coated lens. 

Filter factor is the numerical factor by which the 
exposure must be increased to compensate for the 
losses due to the use of a camera filter. For Aero- 
graphic Super XX (Class L) film, a K2 yellow filter 
has a factor of 2 and an A25 red filter a factor of 4. 

Image motion compensation (IMC) is the velocity at 
which the film in the camera is moved during exposure 
as it is synchronized with the forward movement of 
the image. It is measured in inches per second. In 
choosing cameras using IMC, both the minimum and 
the maximum values of this parameter should be de- 
termined. 

Cycling rate is the rate at which exposures are made 
and pictures taken. It is expressed as frames per second. 
In considering a camera with which successive cyclic 
exposures are to be made, the maximum cycling rate 
must be determined. In our discussion, the cycling rates 
are based on 60 per cent image overlap from one 
picture to the next. 

Exposure time is the period during which the film 
is effectively exposed to the image and is expressed in 
milliseconds or unity-numerator fractional seconds. 

The film supply is the length of film on the supply 


more on page 120 
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spool in the camera (or the magazine or cassette) and 
is measured in feet. Standard military lengths are 100, 
250, 500, and 1000 ft. 

Film type refers to the class of the film used in the 
camera. We are restricting our discussion to Class L 
film (Aerographic Super XX or equivalent) exposed and 
processed to a gamma of 1.4. 

Emulsion sensitivity is the ASA rating of the film. 
For Class L film, it is 100. 

Evaluating all these camera selection parameters by 
computation is a tedious business. Much time therefore 
can be saved by the use of nomographs yielding 
exposure time, target definition and certain basic 
operational factors. 

Figure I shows a nomograph for exposure time. This 
parameter depends on optical transmission, relative 
aperture, filter factor, target brightness, and emulsion 
sensitivity. If no reasonably exact value is known for 
any of these parameters, an approximation may be 
made, or two extremes may be determined and the 
problem solved for both. When no filter is used, the 
filter factor is taken as 1. 

This nomograph is used as follows: 

e Draw a straight line from the value for optical 
transmission to that for the relative aperture and 
continue to Reference Line I. 

e From the intersection with that Reference Line, 
draw a straight line through the value of the filter 
factor and continue to Reference Line II. 

e From the intersection with this Reference Line, 
draw a straight line through the brightness value and 
continue to Reference Line IIT. 
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e From the intersection with this Reference Line, 
draw a straight line through the value for emulsion 
sensitivity and continue to the last scale, on which 
you then read the exposure time. 

Figure 1 shows a sample problem assuming the 
following values: optical transmission, 0.785; relative 
aperture, f/5.6; filter factor, 2; brightness, 300 foot- 
lamberts. The exposure time for these values is found 
to be four milliseconds, or 1/250 second. 


New brightness value can be found 


If for some reason you need a shorter exposure time 
than the one indicated by this nomograph, you could 
use the nomograph to find the corresponding new 
brightness value. You repeat the operation we have 
just described until you have the intersection on 
Reference Line II. Then, starting at the exposure-time 
scale, you work backward and find the proper value on 
the brightness scale. 

Figure 2 shows a nomograph for the determination 
of target definition. This parameter depends on many 
factors, including speed, altitude, focal length, static 
resolution, contrast, drift, pitch rate, roll rate, and 
exposure time. The nomograph is used as follows: 

e Start from the value of focal length in Section A 
of the nomograph and draw a straight line to the 
altitude value, intersecting Reference Line VI. 

e Draw a straight line from the altitude value 
through the speed value and continue to the next scale, 
which gives the angular image rate (_V/H). Now your 
next step depends on whether IMC is used or not. 
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e If IMC is used, draw a straight line from the 
value of V/H through the drift value and continue 
to the next scale, which gives the corrected image rate. 
(If there is drift correction, too, this line should be 
drawn through zero on the drift scale.) Transfer the 
corrected image-rate value to the first scale in Section B. 
(For convenience, the numerical values in Section B 
may be multiplied by 10°%—so long as they are all 
multiplied by the same factor.) 

e If there is no IMC, transfer the uncorrected V/H 
value from Section A to the first scale of Section B. 
(We can neglect the drift in this case.) 

e From the value of image rate set in on the first 
scale of Section B, draw a straight line to the value of 
the pitch rate, intersecting Reference Line VII. (The 
pitch rates of the average high performance aircraft 
during photographic operation may range from about 
0.05 to 0.2 rad/sec. In highly stabilized vehicles, it 
may be as low as 0.01 rad/sec.) 

e From the intersection on Reference Line VII, 
draw a straight line to the value of the roll rate and 
read the dynamic error rate on the next-to-last scale. 
(The roll rate of the average high performance aircraft 
during photographic operation may range from 0.1 to 
0.3 rad/sec. In highly stabilized vehicles, it may be 
as low as 0.01 rad/sec.) 

e Transfer the dynamic error rate from Section B 
to the first scale of Section C. 

e From the value of the dynamic error rate as set in 
on the first scale of Section C, draw a straight line 
through the value of focal length and continue to 
Reference Line VIII. 

e From the intersection on this Reference Line, 
draw a straight line to the value of exposure time, 
intersecting Reference Line IX. 

e Read the value at the intersection on Reference 
Line IX and transfer it to Reference Line IV in 
Section A. 

e From the value on Reference Line IV, draw a 
straight line to the value of static resolution, intersecting 
the first image-degradation-factor scale. (The static reso- 
lution is equivalent to the bench-tested resolution. For 
the lens-film combination we are considering, it usually 
ranges from 10 to 50 lines per millimeter for Class L 
film.) = 

e Transfer the value just established on the firs 
image-degradation-factor scale to the second image- 
degradation-factor scale farther to the right. 

e Draw a straight line from the value of static 
resolution to the value entered on the second image 
degradation-factor scale, intersecting the dynamic- 
resolution scale. 

e From the intersection on the dynamic-resolution 
scale, draw a straight line through the value of contrast 
and continue to Reference Line V. 

e From the intersection on this Reference Line, 
draw a straight line to the intersection on Reference 
Line VI established at the beginning of the operation. 
This straight Time intersects the definition scale and 
gives you the recognizable definition for the threshold 
ground target. 

The sample problem shown in Figure 2 assumes 
the following conditions: speed, 1000 knots; altitude, 
10,000 ft; focal length, 12 in.; static resolution, 30 
lines per millimeter; contrast, 0.1; drift, five degrees; 
pitch rate, 0.05 rad/sec; roll rate, 0.05 rad/sec; 
exposure, four milliseconds. For these values, the 
nomograph yields a target definition of 6.5 ft with IMC. 
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Like all the results obtainable from the nomographs 
shown here, the target definition yielded by Figure 2 
applies only to Class L film. However, you can make 
approximations for Tri-X and Aerecon Plus-X film— 
use the nomograph of Figure 2 and, respectively, 
multiply or divide the result by 1.4. 

Figure 3 shows a nomograph for the determination 
of a series of operational factors—image velocity, 
cycling rate, scale, and lateral and forward coverage. 
These factors depend on focal length, altitude, angular 
image rate, format dimensions, and film supply. ‘ihe 
nomograph is used as follows: 

e Draw a straight line from the value of focal 
length through the value of the angular image rate 
(V/H) and continue to the image-velocity scale, which 
gives you the first of the factors you are looking for. 
(V/H, as we have seen, can be found from the 
nomograph of Figure 2.) 

e From the value of image velocity draw a straight 
line through the value of the forward format dimen- 
sion and continue to the cycling-rate scale, which gives 
you the second of the desired factors. 

e Go back to the value of focal length and draw a 
straight line from it through the value of alutude and 
continue to the “scale” scale, finding the third desired 
factor. 

e From the value of scale, draw a straight line 
through the value of the lateral format dimension and 
continue to the lateral-coverage scale, which gives you 
another desired factor. 

e Again from the value of scale, draw a straight 
line through the value of film supply and continue to 
the forward-coverage scale, which gives you the last of 
the desired operational factors. y 

The sample problem shown in Figure 3 assumes the 
tollowing values: focal length, 12 in.; altitude, 12,000 
ft; angular image rate, 0.085 rad/sec; format dimen- 
sions, 4.5x4.5 in.; film supply, 100 ft. The corresponding 
operational factors are found to be: image velocity, 
one ips; cycling rate, 1.8 seconds per frame; scale, 
1: 12,000; lateral coverage, 4500 ft; forward coverage, 
80 nm. 


Film supply, altitude also found 


This nomograph, too, can be worked backward 
under certain circumstances. For instance, assume the 
mission to which the sample problem applies requires a 
forward coverage of 175 nm rather than 80 nm. You 
can draw a straight line from 175 nm on the forward- 
coverage scale to the value of scale and find that now 
about 220 ft of film supply are needed. 

Or assume the camera you are considering cannot 
cycle faster than at two seconds per frame. You can 
start from this value on the cycling-rate scale and work 
back through the original value of forward format 
dimension to a new value of image velocity. From 
there, you can go on through the original value of 
focal length and find a new value for V/H. This 
value can be transferred to Section A of the nomograph 
in Figure 2. Going on from there through the known 
value of speed, you can get a new value for altitude, 
compatible with the cycling rate. 

A worth-while approximation can be made for Tri-X 
film that is rated at ASA 200 and whose static resolu- 
tion is known: The nomographs will give you a rough 
idea of what you may gain or lose through the shorter 
exposure time possible with this particular film.—tnd 
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—— Shiinks the 4h 
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Cuts the time and cost lag between 


development and production 


With each new design straTopoWER packs more and knows, because STRATO- 
more performance into less and Jess space. This is evi- POWER is already there, 
dent in the equipment itself. anticipating the needs 


Less evident but no less true is the fact that each year ot ee rea ae 
STRATOPOWER is delivering more and more development 


results and production items in less and less time. This eeu pees He 

is because, at STRATOPOWER, contracted development ashe ae ORS Ee 

is balanced with srratopoweEr’s own development effort ais apa 

to yield a continuous, well-rounded program of creative At STRATOPOWER, all 

research in aircraft. hydraulics. Jag-generating problems 

No problem in hydraulics, however difficult, is ever com- are solved yesterday. 

pletely dissimilar to projects already underway. The LOS ANGELES OFFICE DALLAS OFFICE 
skill, tooling and materials are always at hand, whether The New York Air BrakeCompany The New York Air Brake Company 
the need is for testing at 1200°F (1200°F facilities were 5058 Venice Boulevard 6211 Denton Drive 
installed at stRaTOPOWER early in 1958), production of Losi Angeles<19) California Police Lexcs 

a simple constant delivery pump (shipped by the thou- The BF eek re Pibleeaen an 

sands by srraTopoweERr), or development of a compact, Post Office Box 318 
complex hydraulic power package (such as the one Bellevue, Washington 


shown in the accompanying illustration). 


Talk to your sTRATOPOWER representative. You may be WAT i RT Ow ad DIVISION 


surprised to hear him telling you what your hydraulic 
problems will be a year or two years fon ste ‘He PAE NEN, MORK ALE RAN Eom AN 
STARBUCK AVENUE e 
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WATERTOWN: N.Y. 


Aerospace Engineering 
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ALKALI-METAL  two- 
phase, one-megawatt 
electric power sup- 
ply for future space 
missions was _pro- 
posed by GE engi- 
neers M. A. Zipkin 
and Erwin Schnetzer. 
Seventy feet long, 
the unit would in- 
clude a nuclear heat 
source, a boiler, and 
a_ turbine-alternator. 


IAF congress highlights: 


Systems Engineering 


man in space, 
exotic propulsion, APUs 


As in past years, the papers and discussions at the 
recent annual IAF congress gave a capsule review 
of the state of the art in space flight. Here is a 
report on this important technical meeting by S/A 
editor Kurt Stehling, who was a member of the 
U.S. delegation. 
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by Kurt R. Stehling, 


Contributing Technical Editor 
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T HIS YEAR’S International Astronautical Congress, 
held recently in London under the auspices of the 
British Interplanetary Society, set an attendance record 
—over 500 “astronauts” from all over the world came 
to the Congress. There was no single subject that pre- 
dominated in London, as had been the case two years 
ago in Barcelona, when Sputnik I went up just in time 
for the Congress. However, several areas of special in- 
terest were clearly apparent—the Mercury program, 
exotic propulsion, and APUs. 

The keynote speech at the Congress was given by 
Dr. Hugh L. Dryden, NASA’s deputy administrator, on 
“Global Aspects of Space Exploration.” In the course of 

more on page 126 
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OVER-RUNNING -INDEXING 
BACKSTOPPING 
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VERSATILE FORMSPRAG DESIGN 
MEETS VARIETY OF NEEDS 


Formsprag Clutches simplify design 
problems in missiles, jet and con- 
ventional aircraft, and helicopters 
on over-running, back-stopping and 
indexing applications. The new air- 
craft design bulletin “Building More 
Performance in Less Space’ illus- 
trates their use in auto pilots, rud- 
der actuators, canopy actuators, 
compressors, seat ejectors, gas tur- 


The Formsprag clutch consists of a full 
complement of shaped sprags, or 


wedges, located between concentric 
bine starters, landing gear actuators, 


rt C inner and outer races. Power is trans- 
ammunition feeders, etc. Write today mitted from one race to the other by 
for your copy. 


the wedging action of the sprags. Each 
sprag is so shaped that dimension AA 
is greater than BB. Rotation of one 
race in the “driving” direction causes 
the sprags to wedge, transmitting torque 
in full from one race to the other. 
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Greatest Torque 
Per Inch — Per Ounce 


iB hav do you pack more performance into 
less space? More specifically, what clutch 
gives you more torque, in less space, than 
ever before available . . . for today’s rigid 
requirements on aircraft and missile ap- 
plications? 

Answer ... the Formsprag clutch, in a 
variety of designs and sizes, positively 
gives you higher torque capacity for its 
size and weight than any other clutch! In 
addition, this advanced mechanism fea- 
tures internal simplicity (just four basic 
parts), no measurable backlash, light 
weight, compactness, extreme precision 
and long, trouble-free life. The exclusive, 
patented Formsprag principle is unlimited 
in application, yet this full-complement 
sprag type clutch is extremely simple in 
design and operation. 

Formsprag offers a size and model 
clutch for every over-running, indexing 
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or back-stopping application. Standard 
models are available in sleeve bearing, 
ball bearing, miniature and large bore 
backstop types. All are illustrated in the 
new Formsprag catalog, complete with 
specifications, performance data and de- 
sign ideas. Formsprag engineers also offer 
a complete design service on special 
clutches, including prototype production 
facilities. Write for the complete Form- 
sprag catalog, or send details of your 
application for a consultation with the 
Formsprag Engineering Department. 


FORMSPRAG COMPANY 

23597 Hoover Road, Dept. 100 

Warren (Detroit), Michigan 

In Canada: Renold Chains Canada, Limited 
In United Kingdom: Renold Chains, Limited 
Distributors in Principal Cities 


DRNMIS PRAG 
CLUTCHES 


For 
NO-LOAD STARTS 


An expanding coil spring keeps the 
sprags in light contact with both inner 
and outer races. There is thus no lost 
motion, the driving torque being in- 
stantaneously transmitted between 
races. The Formsprag Clutch is so 
designed that it will transmit a greater 
torque in relation to its size and weight, 
than any other comparable type of 
clutch . . . specify Formsprag on over- 
‘running, back-stopping and indexing 
applications, 


Forcing a ball or roller into a curved, 
wedged space is an old over-running 
clutch principle. The sprag is, in effect, 
a “roller”? of increased diameter with 
greater contact surface in a given an- 
nular space. Formsprag Clutches engage 
at constantly changing contact points. 
Clutch life is prolonged and backlash 
eliminated. Also, with the inclined sur- 
faces discarded, more sprags can be 
inserted to increase torque capacity. 


Specify Rawson Automatic Centrifugal 
Clutches and Clutch Couplings. They 
protect the prime mover, eliminate need 
for costly reduced voltage starting 
equipment, permit use of less expensive 
smaller motors to start high inertia 
loads. Completely automatic and en- 
tirely mechanical in operation. Rawson 
clutches provide full overload protec- 
tion, never need adjustment. Write for 
the new Rawson Clutch Catalog now, 
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FASTENERS 


Comments of regular users of HUCK FAS- 
TENERS tell the story. 


“70% saving in our assembly cost”. 
“50% faster than previous methods”, 
fo) Pp 


“We use them wherever possible be- 
cause of their strength and sealing 
qualities”’. 


‘Every fastener is automatically 
“torqued” identically”’. 


“They don’t slip, strip or wear loose”’. 


Thousands of smart manufacturers have dis- 
covered that HUCK fasteners are truly the 
BETTER way to do their fastening job. 


So mechanically predetermined is the result 
of the HUCK fastening system that unskilled 
Operators can produce professional grade 
work almost immediately, at up to thirty 
fasteners per minute. Materials, sizes and 
head styles to meet your specific requirements, 


Give us your fastening problems, our years of 


experience are at your 
service. 
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SOURCE 
CYCLE diagram and schematic of 
an inert-gas power supply as de- 
scribed by Zipkin and Schnetzer. 
Gaseous helium is compressed by 
an axial-flow compressor; heat is 
then added at constant pressure; 
the gases are expanded through a 
turbo generator; and the waste heat 
is rejected in a radiator at con- 
tinuously decreasing temperature. 


GENERATOR 


a detailed review of past and 
present space flight efforts, Dr. 
Dryden pointed out that Australian, 
British, French, Japanese, Soviet, 
and U.S. scientists all are collab- 
orating in the current high altitude 
sounding program. Turning to fu- 
ture projects, he laid particular 
stress on the Scout space vehicle 
as an example of a relatively cheap 
and easily launched design. He 
pointed out that such vehicles can 
be used for many space science 
programs and, above all, are suit- 
able for countries without extensive 
launch facilities. 

On the Mercury project for 
launching a man into space, Dr. 
Dryden said that about $200 mil- 
lion would be needed merely to get 
Mercury to its first objective, the 
orbiting of a manned capsule. 
Throughout his speech, he empha- 
sized the need for international co- 
operation in non-military scientific 
space studies, as on meteorology 
and climatology. 


es A considerable number of papers 
MANUFACTURING COMPA NY gave more details on the problems 
of d ight. : - 
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—_—— "SCOTCH" Is a registered trademark for the pressure-sensitive adhesive tapes of 3M 
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TAPE 


When Convair’s new 880 ‘‘Jet-Liners’”? go into scheduled airline 
service early next year, high frequency noises of the boundary-layer effect 
and the exhaust from the four powerful General Electric CJ-805 turbo- 
jet engines—somewhat suppressed by extra-thick fuselage skins—will be 
further hushed to a soft whisper inside the cabin by a newly developed 
“SCOTCH” Brand Tape. 

More than 114 miles of this tape—‘SSCOTCH” Brand No. 428 Sound 
Damping Tape—is applied directly to inside of fuselage panels through- 
out the “880”. A specially developed visco-elastic adhesive between the 
tape backing and the skin panel reduces metal vibration by converting 
sound energy into heat energy . . . changes the natural frequency of the 
panel . . . provides sound damping beyond that possible only by adding 
either mass or stiffness to the aluminum. One person can do entire appli- 
cation if necessary . . . weight control is precise throughout. Results? 
“‘Beyond expectations of acoustic engineers”’ says Convair. 


Want to know more? Ask your nearest “SCOTCH” Brand Tape dis- 
tributor, or write: 3M Co., 900 Bush Ave., St. Paul 6, Minn., Dept. IAO-119. 


When tape costs so little, why take /ess than “SCOTCH” Brand? 


Minnesora Jfinine ano JYJANuracturing COMPANY 7 


~ ++ WHERE RESEARCH IS THE KEY TO TOMORRO 
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BRAND 


3M's Missile Industry Liaison 
translates your problems to 3M 


specialists in your field of 
interest. Write for free brochure 


Co., St. Paul 6, Minn. Export: 99 Park Ave., New York 16. Canada: London, Ontario. > 
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Cleaning Problem? 
SONOLE\,, 


Ultrasonic Cleaners by 


BRANSON 


may be your answer! 


Y-gallon and larger 
benchtop models, and 
(illustrated) 5- and 12- 
gallon self-contained 
rollaround units. 
Bulletin $-509, $-217B 


Built-in cabinet-type wash- 
and-rinse cleaning systems. 


Bulletin S-233A 


Modular cabinet-type systems with 
Cleaning, Filter / Heater / Recirculator, 
Rinsing, and Drying units. 

Bulletin S-236 


Custom-engi- 
neered cleaning 
installations: for 
batch and con- 
veyorized clean- 
ing, and for con- 
tinuous-flow 
Cleaning in strip 
and wire mills. 


Bulletin S-235 


Branson offers experienced counsel in 
adapting the flexibility of SONOGEN® 
Ultrasonic Cleaning Equipment to your 
needs. Tell us the problem, and we'll 
follow through from planning and _in- 
stallation to maintenance, with factory- 
trained specialists available nationwide. 


Send Coupon tu BRANSON ULTRASONIC CORPORATION 
11 Brown House Road, Stamford, Connecticut 


BRANSON: Send SONOGEN® Bulletin 
NAME. 
FIRM 
ADDRESS 
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CONFIGURATION of an inert-gas one-megawatt power supply as given by 
Zipkin and Schnetzer. The unit would have a rotative speed of 24,000 rpm 
and use helium as its working fluid. The compressor would have 41 stages, 
a pressure ratio of 3.6, and a weight flow of 4.3 pps; the turbine would 
have 12 stages, an inlet temperature of 2140 deg F, and a pressure 


ratio of 3. 


ton Graybiel, of the U.S. Navy’s 
Medical Corps, and two co-authors 
described the effects of ballistic-mis- 
sile flights on monkeys in “Obser- 
vations on Small Primates in Space 
Flight.” The monkeys survived 
flights in Redstones and Jupiters 
(including re-entry), showing only 
relatively insignificant physiological 
changes. There appeared to be no 
damage to the bodies of the mon- 
keys nor any permanent heart dif- 
ficulties. 

The-authors also pointed out that 
at present the data obtainable from 
monkey tests such as they described 
are not in proportion to the effort 
that must be invested in the tests. 
Above alli, they were not able to 
measure the monkeys’ performance 
under test—they could only mea- 
sure physiological conditions. They 
expressed the hope that true per- 
formance tests would become pos- 
sible in the future. 

Highly interesting was the paper 
on “The Prediction of Man’s Per- 
formance in Space Using Flight 
Simulators and Balloon-Borne Sys- 
tems,” by J. Gordon Vaeth, of 
ARPA’s Man-in-Space staff. Vaeth 
showed that much worth-while re- 
search on manned space flight can 
be done cheaply with high altitude 
balloon capsules, which offer a true 
closed system. He admitted that 


zero gravity cannot be simulated in 
balloon capsules but pointed out 
that otherwise 90 per cent of the 
operating conditions of a space cap- 
sule can be duplicated. 

This year, U.S. authors were in 
the forefront of the Congress’s dis- 
cussions of electric and nuclear pro- 
pulsion. Papers on magnetohydro- 
dynamics and magnetic plasma 
propulsion were given by R. Meyer, 
of Space Technology Labs, Ralph 
Waniek, of Giannini, and A. Kan- 
trowitz, of Avco. These authors 
again demonstrated that plasma 
propulsion is technically feasible 
but warned that critical problems 
remain to be overcome. 

It was also pointed out that even 
propulsion people sometimes have 
trouble distinguishing between ion 
propulsion, nuclear propulsion, 
plasma propulsion, and photon pro- 
pulsion. In plasma propulsion, the 
molecules or atoms of a very highly 
ionized gas are virtually torn apart 
by the electric and magnetic effects 
in an electric arc or some other de- 
vice producing high temperatures. 

The most critical problems of 
plasma propulsion are the produc- 
tion of the ionized gas and espe- 
cially the containment of the gas 
in a thrust-producing vessel. The 
ionized and un-ionized gases (say, 

more on page 131 
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Wright Servo Motors With Inertia Damping 
Eliminate Need For Tachometer Generator 


These new Wright-designed motors elimi- 
nate the need in high response systems for 
tachometer generator feed-back. They have 
built-in damping to resist sharp acceleration 
or deceleration. They provide stabilization 
through reversible viscous torque which has 
no effect at constant speed, and only minute 


effect on small incremental changes in velocity. 


Their fly-wheel, which contains a permanent 
magnet, is mounted on independent bearings 
in the motor. This is viscously coupled to the 
rotor via a drag cup carried by the rotor. The 
fly-wheel effect is not felt by the rotor until a 
significant velocity difference appears between 


rotor and fly-wheel. 


Your inquiry is invited. Please specify the 


motor size and/or torque output you require. 


RIGHT 


IZ ll 


SIZE 15 


MACHINERY 
COMPANY : 


DIVISION OF SPERRY RAND CORPORATION 
DURHAM, NORTH CAROLINA ES. 
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OW...ALL OF 

~ ALUMINUM'S 
ADVANTAGES — 

T 800 F 

0 900°F 


New Aluminum Powder Metallurgy Products Open New Application Horizons 


THE TRADITIONAL advantages 
of aluminum—at temperatures up 
to around 500° F—can now be ex- 
tended to temperatures hundreds 
of degrees higher than conventional 
aluminum can take. 


THANKS TO Alcoa’s pioneering 
with the metallurgical technique 
known as “dispersion hardening,”’ 
solid aluminum products reformed 
from powdered aluminum by heat 
and pressure take on new qualities. 
They are fine-grained, hard, tough, 
sapphire-like in brilliance, and 


amazingly resistant to heat effects. 


ALUMINUM POWDER metallurgy 
products—“‘APMP”’ for short— 
are available in a family of four 
alloys. They are usually extruded 
into forms which can subsequently 
be further extruded, rolled, forged, 
drawn or impacted by conventional 
metal-working methods. Where 
you need the properties of alumi- 
num, but where temperatures seem 
“too high” for conventional alu- 
minum products, chances are that 
one of these four alloys may solve 


Your Guide to the Best in Aluminum Value 


a host of hectic problems. 


NATURALLY, there’s more to the 
story than we’ve been able to pack 
into this limited space. If you’d 
like to know more, please write for 
our free booklet, Alcoa’s Aluminum 
Powder Metallurgy (APM) Alloys. 
Aluminum Company of America, 
2027-L Alcoa Building, Pittsburgh 
19, Pennsylvania. 


For exciting drama 
4 watch “‘Alcoa 

‘4 Presents’’ every 

| Tuesday, ABC-TV, 
& andthe Emmy 

4 Award winning 
“Alcoa Theatre’ 
alternate Mondays, 
exeses NBC-TV 


IMUM COMPANY OF Amenica 93 
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Here’s 
how Alcoa 
helps you 
design and 

make 

Us 


You get more than just 16 
ounces of metal in every 
pound of Alcoa® Alumi- 
num. Here are eight im- 
portant unmatched values 
that go with it: 


Research Leadership, bringing 
] you the newest in alloys and 
other applications. 


Product Development by expe- 
rienced specialists in your field 
of interest. 


Process Development Labs for 
aid in finishing, joining and 
fabricating. 

Service Inspectors to help solve 
production problems in your 
plant. 


Quality Control to meet de- 
manding standards and to 
match your special needs. 


Availability, channeled through 
the nation’s best-stocked alu- 
minum distributors. 


Factory-Trained Salesmen for 
vital, on-the-spot information. 


Sales Administrators, constant- 
ly on call to service your orders. 


Complete line of commer- 
cial aluminum in all forms, 
alloys, gages, tempers and 
job shop services. 


MILL AND CUSTOM PRODUCTS 
INGOT AND PIG e SHEET e PLATE 
WIRE « ROD « BAR « TUBE 
ELECTRICAL CONDUCTORS 
STRUCTURAL SHAPES 
CHEMICALS AND POWDER 
ROOFING « FOIL ¢ FASTENERS « PIPE 
CASTINGS (Sand, Die, Permanent Mold) 
IMPACTS « EXTRUSIONS e FORGINGS 
MAGNESIUM CASTINGS & FORGINGS 
SCREW MACHINE PARTS 


JOB SHOP 
FORMING « WELDING « FINISHING 
FABRICATION AND ASSEMBLY 


ALU PALRILIAA 
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nitrogen, oxygen, and hydrogen) 
tend to recombine in such a vessel. 
Also, their intrinsically high tem- 
peratures release extra heat. Under 
these circumstances, heat transfer 
turns into such a headache that the 
authors of the papers at the London 
Congress as well as other research- 
ers have proposed that the plasma 
should be contained, or “pinched”, 
magnetically—the gases would not 
go beyond an invisible containing 
magnetic field and actually never 
touch the vessel’s walls. 

In a progress report on ion pro- 
pulsion work at Rocketdyne, R. H. 
Boden declared that it will take 
another few years before we have 
an ion device producing more than 
a pound or so of thrust while meet- 
ing the tight volume requirements 
of a space vehicle. However, he 
also pointed out that Rocketdyne 
has licked many of the problems of 
electric power generation and ion 
containment. He left no doubt that 
ion propulsion is feasible and in- 
deed necessary for certain inter- 
planetary missions. Within the next 
decade, he stated, working units for 
small vehicles will become commer- 
cially available. 

As in previous years, Germany’s 
E. Sanger discussed the use of pho- 
tons, or light beams, for propulsion. 
These beams would be so enormous 
that they probably could not be re- 


has 
BOILER 
PUMP 


HEAT SOURCE 


CYCLE diagram and schematic of a 
power supply using vaporized liquid 
metal and also proposed by Zipkin 
and Schnetzer. Heat is added at 
constant pressure in the boiler until 
the metal is in a saturated liquid 
condition; the liquid is then vapor- 
ized at constant temperature and 
pressure; the vapor is expanded 
through the turbine; and the wet 
vapor is condensed at essentially 
constant pressure and temperature 
in the radiator. 


flected by either solid or liquid mir- 
rors. Sanger therefore suggested the 
very heavy compression shocks of 
plasmas (at 150,000 deg K) or the 
compression shocks of pure elec- 
tron gas as reflecting mechanisms. 
Highly theoretical as were his con- 
cepts, Sanger yet made an impres- 
sive case for the practicality of pho- 
ton propulsion. For  intersteliar 
trips, this method may indeed some 
day furnish the prime means of 
moving a Vehicle. 

Our latest discoveries about the 
radiation belts around the earth 
were reviewed by F. Singer, of the 
University of Maryland. He pre- 
dicted that penetrating particles 
caused by neutron decay would 
pose the only danger to manned 
space flight, and that only at alti- 
tudes of about 600-4000 miles and 
up to 30 deg magnetic latitude. It 
would be difficult to devise shield- 
ing against this type of radiation, 
Singer stated, but a space vehicle 
might get through the dangerous 
zone fast enough to prevent any 
damage to its occupants. Singer also 
pointed out that his theory of using 
special vehicles to “sweep” out a 
safe path through radiation had 
proved valid—the flights of satel- 
lites such as Vanguard had proved 
that “tunnels” could be “bored” in 
a radiation belt by an orbiting bluff 
body,—End 
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Time is of the essence in the evolution of any missile 
program. That’s why, at Garlock, research and 
development, product design, tool design, pilot man- 
ufacturing, and production staffs work together as a 
fully integrated team with a common objective: 
delivery of high quality rocket motor components in 
the shortest time. Problems of design and production 
are solved jointly, thus eliminating weeks of possible 
redesigning or re-tooling. 


Garlock facilities and experience ... flexible enough 
to swing into prototype production on short notice 
and follow this with full scale production as needed 
. . . diversified enough to design and manufacture 
rocket motor components from a variety of basic 
materials—rubber, metals, phenolics, and fluoro- 
carbon plastics. 

Garlock engineers will work to your design or help 
you in developing designs. Call or write Military 
Products Department, The Garlock Packing Com- 


pany, Palmyra, New York. CGarnnocx 


Write in No. 87 on Reader Service Card at start of Product Preview Section 


Filament wound rocket 
motor cases made by 
exclusive Garlock method 
result in structure much 
lighter and stronger than 
steel. 


Insulation for solid fuel 
rocket motors made by 
Garlock is rubber-like 
compound which encounters 
gas velocities of Mach 3-5, 
temperatures to 5500°F, 
prolonged ambient tem- 
peratures of 300°F, 


Garlock metal fittings for 
rocket motor cases such 
as blast tube and _ thrust 
terminator support rings 
are machined to extreme- 
ly close tolerances. Made 
from special materials 
affording minimum weight, - 


-maximum strength and 


rigidity. 


Garlock components are pres- 
ently used in the develop- 
ment and production of: 


Vanguard 
Super Vanguard 
Polaris 
Minuteman 
Nike Hercules 
Terrier 

Super Tartar 
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Helping to guarantee a vital 
“something” for a rainy day 


hallicrafters 


The effectiveness of America’s defense “‘umbrella’”’— today 
and tomorrow— depends on instant availability of superior elec- 
tronics weapons. 


For over seven years, the Hallicrafters company has been 
answering this urgent need with: QRC—Quick Reaction 


Capability. 
For your electronic requirements .. . from single circuit to ENGINEERS: Join our rapidly expands 
complete system... for application on land, sea, air or space Ing QRC team now. For complete 

=o - ” ‘ ; “ information address your inquiry to: 
... Hallie afters QRC can provide you with this unique design William F, Frankatt, Direetor orenaams 
and production service in electronics. neering. 

MILITARY ELECTRONICS DIVISION CHICAGO 24, ILLINOIS 

ere ort tN iT P RO Bb Es Mies RoE tl Aw eh aes S O<L VsEan 
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DOUBLE-TAPER, hollow-disk sintered-bronze filter ele- 
ments (left). Each element is made in one piece and 
mounted on a ported manifold tube. Right: Sintered- 


bronze elements with sinter-bonded, threaded adapter at- 
tached to the manifold plate. The use of tapered threads 
eliminates gaskets and provides a metal-to-metal seal. 


Choosing filter media 
for liquid propellants 


forced to withstand extremely 
high pressure differentials, and 
there is a wide choice of materi- 
als. The same is true for tempera- 
tures ranging from —320 deg F 
(or lower) up to about +- 700 deg 
gia 

At these temperatures, the na- 
ture and characteristics of the fluid 
to be filtered and the contami- 
nants it contains determine the fil- 
ter selection. For petroleum-type 
fluids, which contain waxy parti- 
cles and flocculent matter as well 


All fluids have one thing in common: They are subject to con- 
tamination. But, that doesn’t mean that the filtering of fluids is 
always the same. On the contrary, filtration is a widely varied 
field, as is shown for instance in this report on the filter media 
used in aerospace propellant filters. 


by Gerald J. Harman, President, Harman Equipment Co.* 


T ne media materials for today’s 
propellant filter must withstand 
extreme temperatures and pres- 
sures and have a high filtration 
efficiency. 

Metallic media are suitable for 


* Harman Equipment Co., 3605 E. Olympic 
Blvd., Los Angeles 23, Calif. 
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higher temperature and pressure 
ranges than organic and other 
non-metallic media. Extremely 
high temperatures, say, over 700 
deg F, usually call for stainless 
steel. 

Practically all metallic filter ele- 
ments can be produced or rein- 


as solid contaminants, the depth 
filtration of sintered bronze or 
stainless is desirable. 

Sintered bronze is generally 
preferable—being available in 
thicker wall sections, it provides 
the greatest depth filtration. Sin- 

more on next page 
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LOOK TO R/M 10 MEET 
ALL YOUR TEFLON" NEEDS 


R/M—headquarters for “Teflon” products. 
tubes, tape, thin-wall tubing (available with per 


R/M can meet all your needs for sheets, rods, 
manent color striping for identification purposes) 


and bondable “Teflon.” R/M can also supply molded, machined and extruded “Teflon” made to 


your exact specifications. 


“Tefion’s” many remarkable properties 
have established it as an important 
material for use in aircraft, missiles 
and spacecraft. Yet when you select 
“Teflon” for a particular job, you solve 
only part of your problem. Equally 
important is the selection of a source 
of supply you can depend on for both 
competent engineering assistance and 
the production capability needed to 
meet your exact specifications and 
quantity requirements. This complete 


“Teflon” service is yours from R/M. 

A pioneer in “Teflon” application 
and fabrication research, R/M offers 
design guidance that can help assure 
maximum part performance, and its 
ample production facilities can supply 
“Teflon” in the form best suited to your 
needs. Learn more about R/M’s com- 
plete “Teflon” service—and how it can 
benefit you—by contacting your near- 
est R/M district office. Or write Plas- 


tic Products Division, Manheim, Pa. 
*A DuPont trademark 


RAYBESTOS-MANHATTAN, INC. 


PLASTIC PRODUCTS DIVISION FACTORIES: MANHEIM, PA.; PARAMOUNT, CALIF. 


Contact your nearest R/M district office listed below for more information or 
write to Plastic Products Division, Raybestos-Manhattan, Inc., Manheim, Pa. 
BIRMINGHAM 1 © CHICAGO 31 © CLEVELAND 16 ¢ DALLAS 26 DENVER 16 © DETROIT2 © HOUSTON } 


LOS ANGELES 58 © MINNEAPOLIS 16 @ NEW ORLEANS 1 
PITTSBURGH 22 © SAN FRANCISCO 5 e@ 


7 © PASSAIC e PHILADELPHIA 3 


U SEATTLE 4 © PETERBOROUGH, ONTARIO, CANADA 
RAYBESTOS-MANHATTAN, INC., Engineered Plastics Asbestos Texti 


Sintered Metal Products 
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Rubber Covered Equipment 
Brake Blocks ¢ Clutch Facings Laundry Pads and Covers 
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les © Mechanical Packings © Industrial Rubber 
e Abrasive and Diamond Wheels Brake Linings 
Industrial Adhesives Bowling Balls 


FILTER MEDIA... 


tered stainless should be consid- 
ered, however, in filtering strong 
acids at any temperature and in 
filtering any fluid at extremely 
high temperatures. 

Surface filtration, as provided by 
stainless steel wire media, is usu- 
ally all that is needed for lique- 
fied and compressible gases. The 
contaminants in these fluids are 
usually free from gummy and 
other soft substances, so that no 
depth filtration is needed. How- 
ever, flocculent matter and stringy 
contaminants are sometimes found 
in the systems that handle these 
fluids. 

Some of the stainless wire media 
will do a good job of removing the 
contaminants, provided their wall 
cross-sections have an irregular or 
zig-zag pore configuration. Mi- 
cronic filter cloth and Dutch- 
weave media both have this in- 
direct flow pattern, which traps 
elongated contaminants with a 
smaller diameter along their minor 
axis than the porosity rating of the 
filter media. 

Organic and other non-metallic 
filter media can be used so long 
as temperatures are not too high, 
or too low. Naturally the char- 
acteristics of fluid and contaminant 
must again be taken into account, 
and the pressure differentials are 
particularly important. 

As tthe differential pressure in- 
creases, some non-metallic filter 
media will expand and create pas- 
sage channels. As a result, foreign 
particles larger than the porosity 
rating of the filter element can 
sneak through and cause damage. 

For this reason, metallic filters 
are usually recommended when- 
ever the fluid is heavily contam- 
inated. Because metal is rigid, 
comparatively high differential 
pressures can be handled without 
loss in the porosity rating. 

As a rule, metallic filter ele- 
ments cost considerably more than 
non-metallic and expendable ones. 
But, in many cases, they cost a lot 
less to maintain, since they can be 
cleaned and re-used. This is espe- 
cially true in filtering highly con- 
taminated fluids, when frequent 
servicing of the filter element is 
necessary. 

Expendable elements—resin-im- 
pregnated paper, fiberglass, and 
other non-metallic media—can also 
be used to good advantage in 
many filtering applications. Fuel- 
water separation is one of them— 


more on page 138 
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High strength cases such as the 
16” dia. x 48” long x .050” wall 
thickness have been fabricated and 
consistently burst at strength levels 
from 280,000 psi to 325,000 psi 
dependent upon the draw tempera- 
ture used. These strength levels 
are attainable by either the roll 
and weld or seamless (spun) method 
of fabricating the tube section. 


Hurdie the critical notch sensi- 
tivity problem by having Ingersoll 
fabricate your high strength cases. 


Borg-Warner Corporation 


The Ingersoll Kalamazoo Division has been producing missile metal 
parts since 1951 when the first Snark booster cases weneumade. Today, 
nearly half the Nike Hercules boosters and sustainef$'havé been made 
with Ingersoll Kalamazoo Division productionsskilts, 

RESEARCH AND DEVELOPMENT and profatype fabrication are going 
on at the Ingersoll Kalamazoo Divisiofi Wtilizingstch new methods as 
hydrospinning and concussion, of explosive, forming, which provide 
today’s solutions to problems in metalparts production. 
FABRICATION AND ASSEMBLY>0n a PRODUCTION line basis of 
large missile paris. tS routine at the Ing@rsoll. Kalamazoo Division 
involving sug processes as annealing, wmachining, hydrospinning, 
welding «roll nggetes 

A capable-staff*of engineers4§ available at the Ingersoll Kalamazoo 
Divisione are experienced ff the DESIGN, FABRICATION AND 
ASSEMBLY of major missile hardware parts. These engineers are 
ready to tackle your problems. 


<I 
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TAVIS 
VARIABLE RELUCTANCE 


TRANSDUCERS 


FOR AIRCRAFT, MISSILE 
AND TEST 
APPLICATIONS 


1-300 
SERIES 


Tavis pressure pickups — transducer used 
with sub-carrier oscillators in telemetry sys- 
tems for accurate data recording under con- 
ditions of high acceleration vibration and 
wide temperature range. 


Tavis pressure pickups — minute transducers 
dual coil construction assures good linearity 
and high sensitivity — low loss — “‘U’’ core 
coil design. High temperature operation up 
to 500°F. 


2-100 
SERIES 


Compact, rugged variable reluctance acceler- 
ometer. Outstanding for long term stability 
over a wide temperature range. High natural 
frequency for step input measurement. 


4-100 
SERIES 


Tavis “DeCeducers” (tm) rugged, compact 
flexible D.C. input—D.C. output transducers. 
Unique design, with outstanding mechani- 
cal and magnetic hysteresis characteristics. 
Used in telemetry with voltage controlled 
oscillators. 

For Complete TAVIS Story ...Write Today 


¢} Tavis 


ENGINEERING 
SUBSIDIARY OF EDCLIFF INSTRUMENT 


1711 S$. MOUNTAIN AVE.* MONROVIA, CALIF. 


Write in No. 91 on Reader Service Card 
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MULTI- PLEATED cylindrical filter 
element assembly using a micronic 
stainless-steel wire medium. This 
design provides about six times as 
much surface area as a simple cyl- 
inder of the same envelope size. 


the contaminant load here is small 
compared with the filter media 
surface area. When this ratio is 
favorable, generally only  infre- 
quent servicing of the filter ele- 
ment is needed, so that the cost 
figure is kept reasonably low. 

Physical characteristics are im- 
portant in selecting a filter. For 
example, generally available sin- 
tered bronze elements have about 
the same corrosion resistance as a 
good grade of cast bronze of 
roughly the same composition 
(about 90 per cent copper and the 
balance tin). Further corrosion ef- 
fects can be prevented by electro- 
less nickel-plating or a black-oxide 
or plastic coating. All these proc- 
esses can be uniformly applied 
over the entire cross-section and 
all other exposed surfaces. 

Untreated bronze media are 
suitable for most fluids with a tem- 
perature range of —350 deg F or 
less to 550 deg F or more. Treated 
bronze can be used with fluids 
that are not compatible with plain 
bronze and at temperatures much 
higher than 550 deg F. 

The uniform size of the sphe- 


roidal shaped bronze powder usu- 
ally used to make the sintered 
filter provides automatic porosity 
control and high filtration effi- 
ciency. Sintered-bronze filters are 
available from most manufacturers 
in porosity ratings ranging from 
two to 100 microns or coarser. 

Sintered-stainless-steel filters are 
particularly well suited. to high 
heat and corrosion applications. 
The material is available in pre- 
formed shapes, such as small disks 
and tubes, for incorporation in 
valves, pumps, nozzles, etc., as 
well as in sheet form. 

New developments in powder 
metallurgy have made it possible 
to control such properties as parti- 
cle size and shape, porosity, pore 
distribution, and density. In prop- 
erly made units, media migration 
of particle discharge is considered 
impossible by experienced manu- 
facturers, because of the strong 
metallurgical fusion with each 
powder particle at several contact 
points. Normally furnished in 1/16 
in. thickness, the sintered-stainless- 
steel medium is usually stocked 
in sheets with porosity ratings 
from three to 40 microns. 

The latest manufacturing tech- 
niques for micronic wire filter 
media use uniform interstice, or 
pore size, control. As a result, the 
range between the contaminant 
particle size retention rating and 
the largest particle that will pass 
through the medium is kept to a 
minimum. 

For example, this type of filter 
medium can retain 90 per cent of 
all particles larger than nine mi- 
crons in diameter and 100 per cent 
of all that are larger than ten mi- 
crons. For coarser porosity ratings, 
the range between 90 and 100 
per cent particle size retention in- 
creases with the pore size of the 
medium. The broader ranges be- 
tween these values in the coarser 
porosity ratings, however, are con- 
siderably closer than that of most 
other filter media, including sin- 
tered wire or powder. 

Generally, micronic filter cloth 
is readily available in 100 per cent 
particle size retention ratings of 
10-70 microns. Dutch-weave fil- 
ters are usually available in poros- 
ity ratings starting at 30 microns 
and coarser. Both of these filter 
media are regularly available in 
stainless steel, copper, nickel, 
Monel, brass, and phosphor 
bronze. Write in No. 63 on Reader 
Service Card for more informa- 
tion.—End 
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... important news about 
JET STARTING 


Cornelius 309 compressor “package.” 
9 cylinders, 8 to 10 CFM, 3000 psi. This 
one compact unit includes all of the com- 
ponents named in the schematic drawing 
(below left). 


for reliable ‘'split-second”’ jet starting 
equip your jets with Cornelius compressors 


3, Air Com- 


2. Vacuum Breaker 
3A,Oil Reservoir 
4A, Thermostatically Controlled Heater 
5A, Condensate Exhaust 
7. Back Pressure Valve 


1, Absolute Pressure Regulator 
pressor with Hydraulic or Electric Motor 
4, Moisture Separator 
Blanket 5, Condensate Dump Valve 
Timer and Relay 6, Check Valve 
@. Switch Rupture Disc 9, System Relief Valve 10, Pressure 
Switch 11,Chemical Drier 12,AC-DC Power Input 
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The Cornelius 309 compressor “package” will soon be 
Operational on five major domestic airlines and five major 
foreign airlines. It has also been selected for installation on 
the Allison Prop-Jet Super Convair. This pneumatic system 
was developed to give jets better, faster starts. It is un- 
matched for reliability, capacity and longer life. It improves 
the performance of any jet or prop-jet equipped with a 
fuel-air starting system. 

Here are some facts that demonstrate Cornelius equipment 
superiority: The 309 compressor is the largest capacity 
compressor now in production and flying. Its 8 to 10 CFM 
air delivery is 50 per cent greater than any other available 
compressor. This larger CFM delivery means greater reli- 
ability and longer life because less “ON” time is required 
for air reservoir recovery; is ideal for short flights. 

Specify Cornelius as original equipment. Whether you are 
an airline or an airframe manufacturer, you are guaranteed 
to receive a compressor package that is the last word in 
design and performance — a compressor second-to-none. 


For retrofit programs, replace your small, less reliable com- 
pressors with Cornelius 309 compressors. There’s a 309 
package for every application and it will reduce your 
maintenance, overhaul and operating costs. 


For complete information, qualification test data and in- 
stallation drawings, contact us today. 


6 
THE (cinelius COMPANY Uh Aero Division 


553 - 39th Avenue N.E. 


e Minneapolis 21, Minnesota 


Pioneers in pneumatic systems for aircraft. 
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CAPABILITIES FOR DEFENSE : sg | 


Westinghouse AN/FPS-27 Radar in operation at an Air Defense Command site 


A single Westinghouse radar gets a 3-D fj 
on the enemy...dilutes his jamming abilit 


The AN/FPS-27, versatile 3-D radar designed by the West- 
inghouse Electronics Division for the Air Force’s Rome Air 
Development Center, is achieving new standards of perform- 
ance, reliability . .. and economy. Now under contract from 
the Rome Air Materiel Area, this high-power, stacked beam 
radar gathers range, azimuth and height data quickly and 
accurately while eliminating unwanted signals. These com- 
prehensive functions in a single radar represent the applica- 


tion of the latest state of the art radar techniques to our 
nation’s early warning defense, 


MAINTENANCE EASE: AN/FPS-27 design UNIQUE CONSTRUCTION DESIGN of the 
stresses reliability and maintenance accessi- antenna system permits the inclusion of the latest 
bility. A separate monitor console calibrates  3-D height-finding techniques. Range, azimuth 
the receivers remotely. Equipment troubles are and height data can be automatically fed toa 
automatically indicated. Sub-assemblies canbe computer to form a composite picture of the air 
replaced rapidly in case of circuit malfunction. defense sector. 


EASE OF OPERATION: One man operates the entire transmitter room. This is typical of the 
operational ease of the Westinghouse designed AN/FPS-27. A minimum team of six specially 
trained men can handle the operation and maintenance of the entire facility. 


| is the management team responsible for the develop- 
| of the AN/FPS-27—within budget and on schedule. 
ay is typical of the Westinghouse practice of matching 
it to the job. 


The AN/FPS-27 is a part of a broad Westinghouse effort in shipboard, tactical and airborne 
radar. Current simulation studies at the Air Arm Division, utilizing the latest digital computer 
facilities (at right), hold promise for new approaches to the problem of long-range detection and 
tracking of aircraft and ICBM’s. 


Westinghouse 


DEFENSE PRODUCTS 
1000 CONNECTICUT AVENUE, N.W., WASHINGTON 6, D.C, 


AIR ARM DIVISION 
AVIATION GAS TURBINE DIVISION ' 
ELECTRONICS DIVISION 
AIRCRAFT EQUIPMENT DEPARTMENT 
ORDNANCE DEPARTMENT 


WASP 


you CAN BE SURE... IF its Westinghouse 
Write in No. 93 on Reader Service Card 


New Johrs-Meorville 


Fackin 


first to withstand 1500 F blast 
from jet ‘‘braking’’ mechanism! 


HEN today’s airliners roar in for a 

landing, they depend on a reverse- 
thrust mechanism to act as a “‘brake”’ by 
diverting the searing jet blast as they hit 
the runway. 

Finding a comparatively soft packing 
for this reverse-thrust mechanism—one 
that could repeatedly “bounce back’’ to 
seal effectively after being compressed— 
and being hit by extreme temperatures 
and velocity—was a problem that plagued 
the aircraft industry. 


New Johns-Manville Tadpole Packing 
solved the problem. It is made entirely of 


specially processed wire, knitted metallic 
mesh, refractory fiber, and a core de- 
signed to prevent filtration of gases. 
Today it is standard equipment on the 
new jet airliners. 


This is another example of J-M Pack- 
ing Research at work for American in- 
dustry. Whether you need a packing for 
plant machinery, aircraft, automotive or 
marine equipment . Johns-Manville 
can supply the right packing for the job. 
If you would like further information, 
write Johns-Manville, Box 14, New York 
16, New York. 


This J-M Tadpole Packing 
does an effective sealing job 
under light pressures and despite 
temperatures to 1500 F.Itmain- 
tains high recovery that assures 
an effective, lasting seal between 
light metal parts. 


JOHNS-MANVILLE 


PRODUCTS 
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CROSS-SECTIONAL views of Q-2C Firebee target drone. 
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& 
Firebee design 
keeps up with fighter capabilities 


As interceptor performance goes up, finding suitable targets for 
practice becomes quite a proposition. Here is a report on how 
Ryan is keeping its Firebee drone design, now being produced in 
a new, improved version, up to the requirements of our latest 
interceptors and their highly sophisticated electronic equipment. 


F OR the second year in a row, 
Ryan Firebee drones recently were 
the targets for “Project William 
Tell”, USAF’s annual world-wide 
interceptor weapons meet. During 
the 1958 meet, observers generally 
seemed to agree that the use of the 
Q-2A Firebee provided the most 
realistic test to date of interceptor 
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weapon systems. This year, the new, 
improved Q-2C Firebee was used. 

The main reasons for developing 
the Q-2C version, Ryan Aeronau- 
tical Co., Lindbergh Field, San 
Diego 2, Calif. told SpACcE/AERO- 
NAUTICS, were to get better per- 
formance and target augmenta- 
tion. Flight tests of the new model 


have already shown that it exceeds 
the spec requirement of 500 knots 
for one hour on station at altitudes 
from 300 to over 50,000 ft. In one 
case, the -2C achieved 77 minutes 
on station. 

For better augmentation, a 
larger vehicle than the Q-2A was 
needed. As more and more differ- 
ent missile systems were used 
against the -2A, a wider range of 
augmentation response was fre- 
quired. Because of the small size 
of the -2A, it was necessary to 
add pods, reflectors, etc., to make 
it look bigger. This degraded aero- 
dynamic performance, Ryan notes. 

The -2C was designed to have 
active rather than passive augmen- 


more on next page 
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Choose From The Widest Variety 
Of Thermocouple Wires 
\ i yy Over 1500 


Different Types 


T-E’s tremendous variety of thermocouple 
extension wires assures you quick delivery 
of every type and size—from one reliable 
source. Dependable quality control is also 
assured by T-E’s own complete facilities 
for wire drawing, insulating and calibrat- 
ing. T-E duplex wires come in solid or 
gstranded construction, in all standard cali- 
brations. The latest types of insulation 
and metallic armor overbraid protect them 
from all atmospheric, chemical and abra- 
sive conditions. From 6 to 56 pairs of T-E 
thermocouple leads can now be installed 
at one time with the new ‘““Thermo-Cable’’. 
Also available—a complete selection of 
“MIL”’- Spec Wire. 


See Our Full Line— 


Write for Wire Bulletin 32WS-A 


In Canada: 


Thermo Electric iad << 


SADDLE BROOK, NEW JERSEY . : Brampton, 


Write in No. 95 on Reader Service Card at start of Product preview Section 


Analysis problems on precision mechanisms used in stable 
platforms have created staff Openings with the outstanding 
Inertial Guidance group in the country. Address your letter 
to Mr. C. T. Petrie, Manager, Research & Engineering Staff. 


LITTON INDUSTRIES Electronic Equipments Division 
Beverly Hills, California 


FIREBEGat: 


BETTER performance and _ target 
augmentation were the main rea- 
sons why Ryan developed the ad- 
vanced Q-2C from the Q-2A Firebee 
drone for interceptor practice. The 
-2C’s spec requirement for speed 
and altitude has already been ex- 
ceeded in tests. 


tation. The earlier model used 
Luneberg lenses, which, besides be- 
ing too big, couldn’t provide the 
amount of bistatic reflection re- 
sponse needed with semi-active 
homing systems. As a result, Ryan 
developed an active system for the 
-2C that uses traveling-wave-tube 
(TWT) amplifiers. These have been 
designed in L-, S-, C-, and X-band 
to provide augmentation systems 
compatible with the Bomarc, Fal- 
con, Genie, Hawk, Hercules, Nike- 
Ajax and Talos radar complexes, 
Warren states. 


Simpler installations 
with new TWTs 


As greatly improved TWTs have 
recently became available, much 
simpler instllations proved feas- 
ible. For instance, a single TWT 
is now used to meet the power 
and gain needs of two bands—for- 
merly, two cascaded tubes were 
needed for each band. The new 
tubes can amplify signals to an 
average of 30 db above the in- 
coming level with a minimum of 
delay, retaining frequency, pulse 
repetition rates, pulse width, and 
other characteristics, Ryan engi- 
neers state. Using the active in- 
stead of a passive system also has 
provided 10,000 ft more radar alti- 
tude, it’s pointed out. 

Omnidirectional coverage is 
needed in the -2C. In some cases, 
antenna switching is used. Multi- 
ple antennas had to be provided to 
cover different bands in all direc- 
tions. As Ryan engineers explain, 
even for the best condition, where 
it’s possible to cover 180 deg with 
one antenna for one band, four an- 
tennas (two receiving and two ' 
sending) are needed. Where one 


more on page 147 
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There is no direct writing recorder on the market that approaches the compact 
Mark II in sheer usefulness. It is a completely integrated engineering tool 

that can be operated by anyone . . . in the shop or in the field . . . for countless 
research or design requirements. Every function necessary for uniform, 

crisp, easily reproduced readouts is “built-in”. The Mark II gives you two analog 
channels plus two event markers; 4 chart speeds; DC to 100 cps response 

with 40 mm amplitude; 10 mv/mm sensitivity; high input impedance. 

Immediate shipment from stock. Call, write or wire for complete details. 
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000000 eat pushbutton speed selection 


Why? Simply because Brush recording systems such as this 6-8 
channel unit incorporate all of the known refinements in the 
art of recording by direct writing. No comparable system in ex- 
istence today is as compact... as simplified .. . as reliable... as 
versatile. Note slide-mounted oscillograph and interchangeable 
“plug-in” signal conditioners that provide four vital functions 
in addition to amplification: high input impedance, zero sup- 
pression, attenuation and calibration. 


Instantaneous rectilinear presentation gives clear, uniform and 
reproducible traces for precise readout of telemetry, computer, 
ground control and other data gathering operations. Further, 
this functionally designed system has a “pull-out” horizontal 
writing table for convenient annotation and reading... 
without turning off the recorder! Check these and many other 
advanced features for yourself and you’ll see why no one is as 
qualified as Brush. Call, write or wire for complete details. 
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FIREBEE ... 


A 
3/16 SKIN ie PARTIAL SPAR 


La 


CAMBERED LEADING EDGE 


PLATES 
SECTION A-A 


FUSELAGE AREA 


FIGURE 1: Rough sketch of wing 
area containing internal skin panels 
(aft of the partial spar) that are 
chem-milled to save weight. The 
increased bending moments at the 
wing center that are caused by the 
greater area of the Q-2C wing are 
accounted for by the two plates 
shown in Section A-A. 


antenna can only cover one quad- 
rant, eight antennas are needed for 
the complete system. 

Flush waveguide-type antennas 
are used. However, there’s enough 
gain in the system to permit coax 
losses, sO waveguides have been 
eliminated, Ryan engineers explain. 

Most of the 300-lb weight in- 
crease of the -2C over the -2A is 
due to the augmentation equip- 
ment. However, the -2C is really 
much more efficient weightwise. 
One reason for this lies in the im- 
pressive improvement in engine 
thrust. Continental engineers took 
the J69 engine and developed the 
J69-T29 version with a thrust of 
1700 lb (as against 1050 Ib for 
earlier models). What’s more, they 
did it without a proportionate in- 
crease in engine size and weight. 
The thrust-to-dry-weight ratio of 
the -T29 is almost 5. 


Near-supersonic speeds 
can be reached 


The new engine, it’s claimed, lets 
the -2C to attain near-supersonic 
speeds. Looking farther ahead, en- 
gineering vice president F. W. Fink 
states that the development of a 
light-weight afterburner for this 
powerplant, to be cut in on station, 
makes a supersonic Firebee possi- 
ble with an estimated top speed of 
Mach 1.5. 

Fuselage length was increased by 
18 in. over the -2A. A ventral 
fin has been added, and a new 
vertical fin with only six per cent 
thickness is used (as against the 
previous 14 per cent). The wing 
area of 36 sq ft is a third larger 
than the -2A’s. It was achieved by 
maintaining the -2A’s aspect ratio 

more on next puge 
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...now taking 


Lockheed ELECTRA’S 
temperature...to 1°C. 


Accuracy 0.1% 
Meets MIL-5272A 


High accuracy, and easiest needle 
pointer plus digital in-line counter 
readout, are the principal service fea- 
tures of the BH183 AUTOTEMP® jet 
engine temperature indicator. 

AUTOTEMP® is designed and pro- 
duced by the makers of the JETCAL 
Analyzer®, the only jet engine tester 
used throughout the world. 


The AUTOTEMP is a completely new 
instrument...a continuous null bal- 
ance 144-inch slidewire potentiometer 
combined with a linearizing analog- 
to-digital converter. Its accuracy is 
the simple attribute or phenomenon 
of its novel and basic slidewire 
potentiometer! 

Self-contained...silicon-transis- 
torized, miniaturized, hermetically 
sealed, servo-driven...the AUTO- 
TEMP’s 3”-diameter case includes a 
Zener reference, power supply, ampli- 
fier, servo motor, cold junction com- 
pensation and the 144-inch slidewire 
and punched tape to linearize thermo- 
couple e.m.f. for exact, counter-type 
digital readout. The needle pointer 
indicates in 50°C increments over the 
0 to 1200°C full range of the unit. 


Full information is contained in our Bulletin BH183 available for the asking! 


Sales-Engineering Offices: 
ATLANTA, CA. COMPTON, CAL., DAYTON, OHIO., VALLEY STREAM, L.1.,N.Y., WICHITA, KAN., 
TORONTO, ONT. (George Kelk Lid.) MITCHAM, SURREY, ENGLAND (Bryans Aeroquipment Ltd.} 


Write in No. 97 on Reader Service Card at start of Product Preview Section 
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Check Employment Inquiry Form on Page 217 


Put wings on your 
future, too. 


DOUGLAS AIRCRAFT COMPANY 
MISSILES AND SPACE SYSTEMS 


has immediate openings 
in the following fields— 


Electrical and Electronics: 


Control System Analysis & Design 
Antenna & Radome Design 

Radar System Analysis and Design 
Instrumentation 

Equipment Installation 

Test Procedures 

Logic Design 

Power System Design 


Mechanical Engineering — 
Analysis and Design of the foilowing: 
Servo Units 
Hydraulic Power Systems 
Air Conditioning Systems 
Missile Launcher Systems 
Propulsion Units and Systems 
Auxiliary Power Supplies 


Aeronautical Engineering: 


Aerodynamic Design 

Advanced Aerodynamic Study 

Aerodynamic Heating 

Structural Analysis 

Strength Testing 

Dynamic Analysis of Flutter 
and Vibration 

Aeroelasticity 

Design of Complex Structure 

Trajectory Analysis 

Space Mechanics 

Welding 

Metallurgy 


Physics and Mathematics: 


Experimental Thermodynamics 

General Advanced Analysis in 
all fields 

Computer Application Analysis 

Computer Programming and 
Analysis 

Mathematical Analysis 


For full information 

write to: 

Mr. C. C. LaVene 

Box 621-R 

Douglas Aircraft Company, Inc. 
Santa Monica, Calif. 
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FIREBEE... 
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THREE-VIEW of Q-2C. Telemetering, 
flight control, and similar equipment 


and extending chord and spar in 
the same proportion. The airfoil 
section is now cambered instead of 
symmetrical as it was on the -2A. 


Wing skins tapered by 
chemical milling 


To reduce weight, the wing skins 
aft of the partial spar (Fig. 1) 
have been tapered by chem-mill- 
ing, providing a saving of eight 
pounds on eight panels (top and 
bottom). The skin forward of the 
spar is %e-in. aluminum. The fuel 
tank floor also is chem-milled. 

With the exception of the mag- 
nesium wing leading and trailing 


is slid in and out on trays through 
the quick-opening access door. 


edges, the structure now consists 
mainly of 2024 aluminum and of 
some steel. In the engine exhaust 
area, 15 lb of weight were saved 
by replacing steel skins with alumi- 
num structural panels. With this 
arrangement, an ejector had to be 
used to suck cooling air into the 
area between engine and skin. In 
addition, the engine was designed 
with built-in shrouding for better 
heat control. While the skin tem- 
perature in this area used to be 
250 deg F during engine run-up, 
it’s now ambient and cool enough 
sO you can touch the nacelle with 
your hand. 


more on page 152 
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How to put wings on a warehouse 


Giving overseas air bases what amounts to local warehouse service on 
important parts is an Air Force objective. Its present system has slashed 
delivery schedules up to 20 f/mes...saved taxpayers severa! 6////on dollars 
over the past decade. To improve it further, Douglas has been selected to 
develop specifications for a comprehensive Material Handling Support 
System involving better communications, control, cargo handling and 
loading, packaging and air terminal design. Douglas is well qualified for 
this program by its more than 20 years in all phases of cargo transport. Air 
logistics is only one area of extensive Douglas operations in aircraft, missile 
and space fields in which outstanding openings exist for qualified scientists 
and engineers. Some are listed on the facing page. 


Schuyler Kleinhans and Charles Glasgow, Chief Engineers of the Santa 
Monica and Long Beach Divisions, go over air transport needs relating 


to advanced cargo loading techniques with DOUGLAS 
Donald W. Douglas, dr., President of 
JETLINERS fl MILITARY AIRCRAFT Ill CARGO TRANSPORTS ll MISSILE SYSTEMS Il SPACE SYSTEMS Ill AIRCOMB Il GROUND-HANDLING EQUIPMENT 
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NEW TITANIUM ALLOYS: 


I 
] 
| 
| 


IMPROVED PROPERTIES FOF 


Several new titanium alloys may prove 
to be the answer to designers’ needs for 
improved tensile and fatigue strength, 
ductility and corrosion resistance in air- 
craft and spacecraft materials. 

One of the alloys is Crucible B-120VCA. 
This new, weldable alloy has the highest 
strength/weight values of any structural 
material available. At 220,000 psi, its 
strength/weight ratio is equivalent to that 
of steel at 360,000 psi. And it maintains 
its strength/weight advantage for short 


times at temperatures up to 1400° F. 
Furthermore, B-120VCA is “Formage- 
able”® (readily formed in the “soft” 
solution annealed condition and then 
strengthened by age-hardening). 

As this is written, about 50 aircraft 
and missile manufacturers are testing 
Crucible B-120VCA samples. They’re 
reporting: (1) it’s easier to fabricate than 
any other titanium alloy; (2) it seems 
ideal for rocket motor cases, structural 
members, rivets and other components. 


Several other critical design proble J 
are being solved by Crucible vacuun 


a) 


melted steels and superalloys. Some Crt} 
cible alloy and tool steels, for exampl| 
possess tensile strengths in the 280,000 
300,000 psi range and even higher. U| 


to now, getting uniform transverse dui} 
tility at this strength level has been |} 


problem. Crucible solved it through va i 
uum melting. || 


These developments are typical 
Crucible advances in specialty steelma 


Lowering a consumable elec- 
trode into a vacuum arc furnace. 
Metals produced by vacuum 
melting are “cleaner” and there- 
fore offerimproved strength, duc- 
tility and longer fatigue life. 


Titanium, more than 1000 lbs. 
of it, saves 800 lbs. in Convair 
880 because of metal’s high 
strength/weight ratio. Principal 
use is in jet engine pods, ailer- 
on, stabilizer, and tail assembly. 


Crucible Vacuum-Melted 
Bearing Steel makes stronger, 
longer-lasting bearings. Rejects 
during manufacture and early 
failures are virtually eliminated. 


Vacuum-Melted 4340 was spe- 
cified for hook pivot pin of bomb 
rack and rocket launcher when 
air melted steels failed to with- 
stand 4% hour destructive vibra- 
tion tests. 


WIGH PURITY METALS PROVIDE 
VISSILE DESIGNERS 


: 


ing. They’re possible because Crucible is 
completely integrated—and because 
Crucible pioneered in the development 
of titanium, the high temperature alloys, 
and in vacuum induction melting and 
vacuum arc remelting techniques. 
Today, Crucible’s experience—and 


CRUCIBLE 


win Os . ro 


newly-increased capacity for vacuum arc 
remelting of its own special air melted 
and vacuum induction melted electrodes 
—provides industry with a complete range 
of High Purity Metals at lowest cost. 

If you’d like to know more about this 
work, read: “Titanium for Aircraft and 


Spacecraft” and “Quality Aspects and 
Engineering Properties of Vacuum Melted 
Super Alloys and Steels”. Write: Crucible 
Steel Company of America, Dept. AK-18, 
The Oliver Bldg., Mellon Square, Pitts- 
burgh 22, Pa. 


STEEL COMPANY OF AMERICA 


mea .. Bendes GCaoccingn Casd at ebart af Product Preview Section 
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Designed especially for High 
Strength—High Temperature 
and liquid oxygen and other cor- 
rosive applications, Cherry Air- 
craft Lockbolts* are now avail- 
able in austenitic A-286 Stainless 
Steel. 

Available for the aircraft in- 
dustry in a wide range of diame- 
ters, grip lengths and head styles 
in A-286 .. . Cherry Lockbolts 
are also produced in Alloy Steel 


Now Available in 
A-286 Stainless Stet 


and Aluminum. 

Cherry Lockbolts are struc- 
tural fasteners providing sim- 
plicity and speed of installation 
with uniform high tensile 
preloads. 

Shop men like them. 

For information on Cherry 
Aircraft Lockbolts, write Town- 
send Company, Cherry Rivet 
Division, P.O. Box 2157-P, 
Santa Ana, California. 


*Licensed under Huck patents RE22,792; 2,114,493; 2,527,307; 2,531,048; 2,531,049 and 2,754,703 


CHERRY RIVET DIVISION 


SANTA ANA, CALIFORNIA 


Townsend Company 


ESTABLISHED 1816 ® NEW BRIGHTON, PA, 


Write in No. 99 on Reader Service Card at start of Product Preview Section 
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Cm BOUNDARY LAYER 


BLEED DUCT 


OL TANK “VISUAL OIL LEVEL INDICATOR 


FIGURE 2: Location of bleed air 
duct and oil tank in the engine in- 
take duct area. 


The boundary layer bleed air 
duct (Figure 2) used to cool the 
shrouding also provides cooling air 
for the 200-amp dc_ generator 
driven by the engine. This duct, 
it’s noted, has also increased the 
efficiency of the engine intake duct 
by two per cent. 


Oil tank fits around 
intake duct 


As Figure 2 also shows, the oil 
tank fits: around the intake duct. 
The latter is made of plastic, so 
that a visual oil level indicator can 
be used. The oil system is recircu- 
lating. Despite the compactness 
of its design, there’s enough room 
to get rid of foam in the oil during 
the return cycle. 

The flight control system _per- 
mits climbing and diving turns by 
airspeed control. The system, is fail- 
safe, says Ryan, in the sense 
that, if the operator makes the -2C 
dive too fast, the control system 
will automatically cause the drone 
to start to climb. The reverse is 
true for too much climb speed. In 
some cases it’s possible to control 
dive and climb through the throt- 
tle. It’s even possible to perform a 
flareout pattern by changing the 
throttle setting. 

The system includes automatic 
bank angle scheduling; the angle 
decreases with increasing altitude. 


Climbing turn gives Q-2C 
more flexibility 


The climbing turn feature adds 
a great deal of flexibility. In the 
past, each turn was locked in the 
attitude controller and the craft 
made a straight and level turn. The 
present system lets the drone get 
on station as much as six minutes 
faster than before. 

The Q-2C has separate low and 
high altitude recovery systems. The 
low altitude system is entirely auto- 
matic: Upon receipt of a recovery 
command or fuel depletion below 
15,000 ft, the drone goes into a 


power-off climb until the airspeed ‘ 


is reduced to 180 knots. Then the 
more on page 154 
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HOW MUCH 
HEAT 
CAN 


PRECISION 
POTENTIOMETERS 
TAKE? 


Special Ketay sector potentiometers have been designed to 
operate in ambient temperatures up to 500° C. 


Ketay precision single-turn, multi-turn, rectilinear and sector 
potentiometers for control and instrumentation purposes feature 
compactness and high sensitivity. They are custom engineered for 
applications once considered too severe because of shock, vibration, 
torque, resolution or destructive environment. 


Potentiometers that meet the most rigid specifications result from: 


Creative Engineering—for example, very accurate single-turn 
ganged potentiometers in size 9 with linearity as fine as 0.15% 
and 2” diameter units with linearity as fine as 0.07%. 


Superior Materials—selection to give optimum service for 
particular performance and operational requirements. 


Advanced Manufacturing Techniques—such as the ability to weld 
taps to a single turn of wire as small as 0.0004” diameter (1/10 the 
diameter of a human hair). 


Ketay potentiometers are being produced in a wide range of types 
and sizes, from tiny precision pick-offs to complex function 


Ketay precision 
components: and multi-wiper units. 


SYNCHROS 
RESOLVERS 

POTENTIOMETERS * 
SERVO MOTORS * 
TACHOMETERS 

SERVO AMPLIFIERS 

GYROSCOPES 


* * . . . . . ‘ 
Catalogues available NORDEN Division of United Aircraft Corporation 


\ 


KETAY ° DEPARTMENT, Commack, Long Island, N.Y. 
Write in No. 103 on Reader Service Card at start of Product Preview Section 
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Tops in reliability ! 


Union 


Used in seven successful missiles. Union Miniature Relays originally 
were developed for air-borne and guided missile electronic equipment, 
they meet or exceed the requirements of MIL-R-25018, MIL-R-6106C, 
and MIL-R-5757C. They are now being utilized in the following mis- 
siles: The Matador, Thor, Talos, Vanguard, Atlas, Titan, and the 
Jupiter C. 

The excellent reliability and small size of the Union Miniature Re- 
lays have led to their use in traffic control systems, computers, resist- 
ance welders, and other equipment. 


OUTSTANDING FEATURES 


HI-LO CONTACTS—Permit high and low load handling in same 
relay. Dry-circuit contacts available for extremely low-level loads. 


COIL RESISTANCE—In standard case, from 0.9 to 8750 ohms; in 
long case, from 1.6 to 13,000 ohms. 


TEMPERATURE RATING—Class A —55 to +85°C; Class B —65 
110) > allay ter 


AC OR DC—Nominal operating voltages from 1.5 to 160 volts, DC; 
115 volts, 60 to 400 cps, AC. Built-in rectifiers in AC relays. 


TYPES AND MOUNTINGS—6PDT or 4PDT; plug-in or solder-lug 
connections. All usual mountings. 


SPECIALS—Slow-acting relays if you need a differential between 
Operating time of various relays. Plate-circuit relays—operate on less 
than 8 milliamperes; double-coil relays—either coil operates relay. 
Write for complete information. 


‘“oneers in Push-button Science” 


Miniature 
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Q-2C Firebee Specifications 
Wing 
Gross area 36 sq ft 


Airfoil section (normal to leading edge) 
Leading edge to 0.264 


chord NACA 009.932 
0.264 chord to trailing 
ee NACA 63A014.63 
Aspect ratio 4.632 
Dihedral angle O deg 


Incidence parallel to plane 
of symmetry 
Leading edge to 0.264 


chord 5 deg 51 min 
0.264 chord to trailing 

edge O deg 

Aileron area (aft of hinge) 208 sq ft 


Horizontal Tail 

Gross area 

Airfoil section (normal 
leading edge) 

Aspect ratio 


16.69 sq ft 

to 
NACA 63A014.63 
ahess! 


Dihedral angle 0 deg 
Incidence parallel to plane of 

symmetry 1] deg 
Elevator area (aft of hinge) a0) 
Vertical Tail 
Total area (from horizontal 

tailplane) 11.3 sq ft 
Total exposed area of ventral 

fin 1.43 sq ft 


Airfoil section 


(streamwise) NACA 65A006 
Rudder trim area (aft of hinge) 0.46 
Aspect ratio eS 
Weights & CG 

CG 
Weight (fuselage 
(Ib) station) 
Gross (basic) 2060 88.5 
Empty (basic) 1400 94.1 
Most forward 2141 88.7 
Most aft 1560 95 
Powerplant 
(continental J69-T-29) 
Rated sea level static trust 1700 Ib 


CUCU ECO eee 


The Q-2C has separate low and 
high altitude recovery systems. The 
low altitude system is entirely au- 
tomatic: Upon receipt of a recov- 
ery command or fuel depletion be- 
low 15,000 ft, the drone goes into 
a power-off climb until the airspeed 
is reduced to 180 knots. Then the 
drag and main chutes are ejected 
simultaneously, and the drone set- 
tles to earth. 

In high altitude recovery, the 
drag chute deploys immediately 
upon command. The main chute 
deploys nine seconds later, unless 
the drone is still above 15,000 ft 
altitude. 

The -2C tracking system can be 
the AN/DPN-31, AN/APN-91, 
AN/MSQ-1, or AN/MSQ-1A (ra- 


dar). The command control re- 
ceiver is the AN/ARW-59 and the 
transmitter the AN/ARW-55 or 
AN/FRW-2.—IS 


g UNION SWITCH & SIGNAL 
%y DIVISION OF WESTINGHOUSE AIR BRAKE COMPANY —= 
PITTSBURGH 18, PENNSYLVANIA 


Write in No. 104 on Reader Service Card at start of Product Preview Section 
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of 410 Stainless 


Cost of Jet Engine Component 
Reduced *31.21 by Flash Butt-Welded Ring Assembly 


Visualizing this jet engine assembly as three simple parts, instead of a single com- 
plicated piece, was the first step in reducing its cost. 

By circumferential welding, a flash butt-welded ring, a formed and welded cone, 
and a tubular hub were joined together. Material required was reduced 65% and 
hours of machining were eliminated on each piece. 

This fabricating know-how has helped many companies cut the cost of circular 
parts and components, particularly where high-strength, high-temperature alloys 
are involved. 

On prototype and production runs, Amweld’s subcontracting service includes the 
assistance of experienced engineers and metallurgists. Send us prints and speci- 
fications... we will be happy to study your problem and perhaps suggest ways 
that fabrication by welding can help you reduce costs. 


THE AMERICAN WELDING & MFG. CO. ¢« 558 DIETZ ROAD 
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A STUDY FROM LIFE FOR RYAN: BY D. MILLSAP 
* 


% 


\ 
% 
t THE “ por 
' ELECTRONICS 
ENGINEER 


One component in the world of electronics is as old as creation: Man. A very special 
breed of man: the Engineer. Without him, no new application of the art, no improve- 
ment of the old, no bold departure from tradition. No aeronautics. No electronics. 
No... Ryan. This is why we hold the Engineer in overwhelmingly high regard, seek 
him out with unrelenting search, provide him with optimum conditions in which to 
conduct research and development. Indeed, without him the Ryan Electronics 
Center could not maintain its position of leadership in electronics. With him, no 
ceiling can be set on what Ryan can do, no limit fixed on his horizon or ours. No 
place else is there more urgent need or brighter future for the qualified engineer, 


and your inquiry is invited. Send resume or call collect, George Gerner, BRowning 
7-6450 in San Diego, Calif. 


RYAN 
ELECTRONICS A DIVISION OF RYAN AERONAUTICAL COMPANY 


2701 HARBOR DRIVE, SAN DIEGO 12, CALIFORNIA - 2750 W. LOMITA BLVD., TORRANCE, CALIFORNIA 
Check Employment Inquiry Form on Page 217 
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COLLECTOR 


COLLECTOR 
!UNCTION 


RING-SHAPED 
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EMITTER 
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MOTOR 
GENERATOR 


YER ACEC S33 


A PARTIAL SHOWING. OVER 60 DIFFERENT 
SIZE 8 ROTARY COMPONENTS AVAILABLE 


Clifton Precision’s size 8 rotary components have been tried and proven by customers over the past 4 years. More than 50,000 have been 
shipped. These are the most accurate and best tested (because they are use tested) size 8 rotary components on the market today. 


1. Torque transmitter (26v. input) 2. Torque transmitter (115v. input) 3. Control transformer (lo Z) 4. Control transformer (hi Z) 5. Control 
transformer (very hi Z) 6. Torque receiver (26v. input) 7. Torque receiver (115v. input) 8. Torque differential (lo Z) 9. Torque differential 
(hi Z) 10. Electrical resolver (.5 tr.) 11. Precision computing resolver (feedback winding) 12. Electrical resolver (1 t.r.) 
former (115v. input) 14. Linear transformer (26v. input) 15. Servo motor (1” length, .40 in-oz stall torque) 16. Motor generator (10v. input) 


17. Servo motor (53/64” long) 18. Servo motor (35v. center tap) 19. Servo motor (26v. center tap) 20. Motor generator (26v. input) 21. Servo 
motor (.30 in-oz stall torque) 22. D.C. motor (14v. input) 23. D.C. motor (28v. input) 


13. Linear trans- 


ENGINEERS — Join the leader in the rotating components field. Write David D. Brown, Director of Personnel, Dept. J11 


CLIFTON PRECISION PRODUCTS CO., INC. TF ¢ 


CSL TEs = ON ACEI SG anaes: P A. 


Sales Office: 9014 W. Chester Pike, Upper Darby, Pa.—Hllltop 9-1200, TWX Flanders, Pa. 1122 
. Write in No. 106 on Reader Service Card at start of Product Preview Section 
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Lunik shots show 
accuracy of Red guidance gear 


HOW LUNIK II AND III were guided is still a 
puzzle. Some experts claim the Reds used a radio 
command system; others plump for a self-con- 
tained inertial design. It is believed generally that 
both vehicles used the same type of guidance. 

Whatever system it is, it must be darn good. 
If we are to believe the Reds—and we have no 
good reason to disbelieve them in this case— 
they used only first-stage guidance to send Lunik 
II crashing into the Sea of Serenity just south of 
the moon’s center (at which they probably were 
aiming). 

The Reds are known to have a fairly accurate 
inertial system, though it’s large and bulky. How- 
ever, the bulk is not much of a problem to them, 
since they have super-thrust rockets available. Be- 
cause of our smaller rockets, our guidance sys- 
tems have to be miniaturized to the bone, which 
adds no little to the reliability problem. 


SAGE SYSTEM will not be adaptable for use 
with Nike-Zeus, the anti-ICBM missile, testified 
William Holaday, special assistant for guided mis- 
siles to the Secretary of Defense, before the 
House Committee on Science and Astronautics. 
So far the government has spent $2 billion on 
Sage; it will spend some $7.5 billion before the 
the system is completed, Holaday told the com- 
mittee. 


Mace uses Pinpoint, developed 
from Atran system 


PINPOINT, a self-contained, long range, auto- 
matic guidance system for missiles and aircraft, 
has grown out of Goodyear Aircraft’s Atran 
system. A radar map matcher, Atran is used on 
the Martin Mace missile. 

According to Goodyear, Pinpoint combines 
Atran’s best features with dead reckoning and 
inertial guidance equipment. It overcomes the in- 
herent inability of a map matcher to work over 
long stretches of water and barren terrain where 
there are little or no significant surface features 
for comparison of the radar image with a stored 
map. 

e 


FOUR HEAVILY electronified satellite projects 
are being shifted from ARPA to the military 
services as result of DOD’s realignment of space 
program responsibilities. The complete shift will 
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take about a year. Projects Samos and Midas 
went to USAF, Project Transit went to the Navy, 
and Project Notus went to the Army. 

Samos is a recon satellite on which Lockheed 
is the prime contractor. 

Midas is a satellite for early warning against 
ballistic missiles, also with Lockheed as the prime. 

Transit is a navigation satellite on which the 
Johns Hopkins Applied Physics Lab is the prime 
contractor. It will send out coded signals giving its 
track over the globe. Ships and aircraft receiving 
these can fix their position by measuring the 
amount by which the signals have shifted in fre- 
quency because of the Doppler effect. 

Notus is a group of satellite communications 
projects. In its first phase, known as Project 
Courier, a group of delayed repeater satellites will 
be launched to supply global communications. 

Courier is already well underway. Its ground 
station electronics is being built by ITT Labs, its 
ground antennas and instrumentation by Radia- 
tion, Inc., and its satellite-borne repeaters by 
Philco. 

Notus also will include a polar communications 
satellite, on which GE’s Missile & Space Div. and 
Bendix’ System Div. are working. GE will handle 
the satellite end and Bendix the communications 
subsystem. 


LF homing beacons used 
in new Boeing landing system 


RADICALLY SIMPLE instrument landing sys- 
tem is being developed by Boeing. Two low fre- 
quency homing beacons are installed at the ap- 
proach end of the landing runway—one along 
the runway centerline and the other at a known 
distance to the right or left of the centerline. 
The landing aircraft would need two ADF re- 
more on next page 
Cover story — Photomicro- 
graph of a cross-section 
through an_ alloy-junction 
PNP transistor made at 
Western Electric. Basic 
wafer is 0O.08-in.-square, 
0.003-in.-thick germanium. 
Impurity metals are alloy- 
ed into its faces. As a 
switch, the alloy transistor 
performs outstandingly in 
the low and medium speed 
ranges. 
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ceivers, a special filter, and a coupler to derive 
its lateral and longitudinal position relative to the 
runway. Height would be gotten from a radar 
altimeter. The filter and coupler would weigh 
less than 10 Ib, says Boeing. 


BOTH POSITION and altitude data would be 
displayed to the pilot to guide him into the land- 
ing. So far as one can tell from the scant informa- 
tion released by Boeing, flareout evidently would 
be a manual maneuver flown by the pilot. 

Boeing claims the system has more than 40 
hours of flight test time, including 60 successful 
approaches. (No mention was made of an actual 
landing with the equipment, even though Boeing 
does speak of a “landing system.”) 


Communications test planned 
with 20 satellites 


SATELLITE BOUNCE communications test link 
is being set up over a 2300-mile transcontinental 
span between NASA’s Goldstone, Calif., tracking 
station and a Bell Labs station under construc- 
tion at Holmdel, N.J. Plans call for launching 
some 20 satellite spheres that will orbit the earth 
at 1000 miles altitude. Signals will be ricocheted 
from one station to the other to check such 
parameters as signal quality, bandwidth poten- 
tial optimum frequencies, communications hori- 
zons, etc. 

The first satellites, to be launched by NASA, 
will most likely be aluminized plastic balloons 
of 100 ft diameter. They will be inflated in space. 


HORN-REFLECTOR antenna and maser or 
parametric pre-amp will be used by Bell to re- 
ceive the signals from the satellite reflectors. The 
horn—about 50 ft long and with an aperture 
of 20x20 ft—will be mounted on a rotatable 
platform at the Holmdel site. Transmission from 
Holmdel will be via a conventional parabolic 
dish, says Bell. 

Depending on experimental results, Bell will 
use either a pair of parametric amplifiers, a 
pair of masers, or a combination of the two in 
the receiver front end. The frequency of the link 
will be in the one-kilomegacycle range. The power 
Patan from the Holmdel site will be around 
1 Ww. 


TRACKING the satellites will be one of the 
biggest problems of the experiment. It is believed 
that no satellite-borne beacons are planned—the 
spheres will have to be “skin-tracked” by radar. 

The satellite experiments probably will be pre- 
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ceded by test transmission of signals with the 
moon as the reflector, says Bell. ; 

The test link will be an important part of 
project Echo, soon to be announced by NASA. 
In this project, NASA will launch many passive 
reflector satellites and will encourage military 
and commercial electronic communications 
developers and experimenters to use the earth- 
orbiting reflectors to get their own experimental 
data. 


e@ 

3-D RADAR is the outstanding feature of the 
extensively electronified British carrier H. M. S. 
Victorious, which was shown off to our Navy 
last July at Norfolk, Va. This Type 984 radar is 
one of the most advanced in the Royal Navy and 
is highly classified. It uses a rotating microwave 
lens antenna. Range and azimuth are gotten con- 
ventionally; height is gotten by a stacked-beam 
system that covers some 50 deg in the elevation 
plane. 

Computations in the radar system are analog. 
The radar as well as its display are compatible 
with the Mk 10 IFF system. 


DATA REDUCTION will be one of most critical 
problems in satellite recon systems. Look for a 
substantial effort in the design of small, pre- 
packaged film storage units that can be carried 
by the satellite and are automatically developed 
in orbit. The developed film would then be 
scanned in facsimile fashion and transmitted back 
to earth. 

The advantage of fax technique is that it does 
not require telemetry bandwidths for TV. How- 
ever, it does require a more complex ground 
receiving station for building up the picture from 
sequential strips transmitted from the satellite. 


Twenty-pound IR detection 
system claimed possible with 
new cooler design 


EIGHT-OUNCE “MinIRcooler” refrigerator in- 
vented by two A. D. Little Co. engineers, can 
cool IR cells down to —350 deg F. It makes it 
possible to recycle helium without using large 
cryostats. A complete airborne detection system 
based on the new cooler would weigh 20 lb, 
claims Little. 

A bootstrap process is used. Low tempera- 
ture compressed helium gas is passed through a 
small engine to a Y% -in.-diameter, two-inch-long 
tube at the end of which is the IR cell. The gas 


more on page 162 
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TYPE V1HJ-G8 


Miniature Vane 
Axial Blower 


Maximum air delivery 
in the smallest package 


Combining a unique mechanical and aero- 
dynamic design with EAD’s standard, re- 
liable 1” diameter motor has resulted in 
this extremely compact and efficient fan. 
In addition to the 2 pole characteristics 
listed below, EAD can supply 4 and 6 
pole designs and models for operation 
from 1600-cycle and variable frequency 
power sources. Here is another develop- 
ment in the growing family of EAD V- 
Line vane axial blowers. 


TYPICAL CHARACTERISTICS 


115 Volt + 400 cycles 1.5” total length 
single or three phase 1.990” housing 


A diameter 
19,000 RPM nominal Mcdilable with: 
65 CFM at 0” SP 1. Leads 


35 CFM at 2.3” SP 2. Terminals on 
mounting flange 


Life in excess of 3. Terminals on 
1000 hours at 125°C, housing 


Write for complete technical data. 


SOSA CORNET EMRE 


Magnetics, metallurgy, lubrication, insulation... these and other tech- 
nologies have been advanced by progressive engineering and produc- 
tion personnel at Eastern Air Devices to make a science of “the act of 
turning.” Since 1942, this scientific approach to the improvement and 
development of precision rotating devices has resulted in higher output 
efficiencies, reliable operation in higher ambients and superior per- 
formance characteristics under the most severe environmental conditions. 
In addition to continued product improvement, the application of this 
science has developed a number of firsts, including variable frequency 
motors, pure sine wave alternators and thermistor compensation of in- 
tegrating tachometers. Combine this technical ability with high volume 
production, unsurpassed quality control, parts standardization for lower 
cost, and you can see why EAD has been specified by leading systems 


manufacturers for nearly two decades. 


EASTERN AIR DEVICES, INC. 


Subsidiary of Norbute Corporation + Dover, New Hampshire 


DAMPING MOTOR TACHOA I ° : . MN o 


Write in No. 107 on Reader Service Card at start of Product Preview Section 


November 1959 


16] 


expands in the tube, cools off the cell, and then 
is used to cool the compressed helium entering 
the engine. 

The MinIRcooler takes three minutes to reach 
—315 deg F. 

e 

ARMY REVEALED the Lacrosse can be used 
for both close and general support, thanks to the 
mobility of its ground guidance station as the 
reason. The guidance system of the Martin- 
Orlando missile includes an angular tracker, a 
computer, a range and direction indicator, and 
a power supply. It also has a target-locating de- 
vice that precisely measures range and elevation. 

Initial firing direction and trajectory for La- 
crosse are figured out by conventional gun-laying 
and artillery fire-direction methods. After launch, 
the missile is acquired by the tracker, and the 
ground computer guides the missile until it dives 
and hits the target. 


NEW Inertial Guidance Lab is planned by ARDC. 
It is to be located at AF’s Missile Development 
Center (AFMDC) near Alamogordo, N. M., is 
expected to be fully operational by °63, and will 
be staffed by 350 engineers and technicians. The 
present facilities at AFMDC include a 35,000-ft 
high speed captive test sled track and a stratos- 
phere chamber. These will be used to support the 
inertial guidance work. 


ATHENA solid-state computer, built by Reming- 
ton Rand for Titan’s ground-based guidance sys- 
tem, completed its initial acceptance test run of 
48 hours without error or failure and performed 
reliably in many other trials, Rem Rand told 
SpacE/ AERONAUTICS. At one stage, the largely 
handcrafted Athena operated for over 11,000 
hours with an average performance record of 
99.89 per cent reliability. 


Giant radar antenna 
to help determine 
problems of ICBM detection 
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THE LARGEST known radar antenna will be 
built in Puerto Rico for ARPA. It will be made 
of aluminum mesh shaped in the form of a 
saucer, have a 1000-ft in diameter, and be fixed to 
look directly upwards. 

The Puerto Rican facility will include a high 
powered radar transmitter and a sensitive re- 
ceiver, both operating on 400 mc, and supporting 
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instrumentation and computing equipment. It will 
cost some $4.5 million, according to DOD an- 
nouncements. The performance of the system will 
be good enough to pick up a one-cubic yard tar- 
get at 20,000 miles, claims DOD. 


PURPOSE of the facility is to provide scientific 
measurements on the upper atmosphere and the 
radiation belts surrounding the earth and obser- 
vations of the moon, the sun, Mars and Venus. 
Many of the resulting data could help us decide 
answers to whether it is feasible to detect ICBMs 
from their interactions with atmospheric layers. 

Cornell U. will design and build the facility. 
Completion in two years is expected. 


Amplitrons and TWTs are used 
in Raytheon antenna 


BOX-CAR radar antenna made by Raytheon is 
104 ft long and weighs some 50 tons. Installed 
at Houma AFB, La., it is part of Raytheon’s 
AN/APS-28 heavy-weight air surveillance radar, 
developed under a $20 million USAF contract. 
The FPS-28 uses amplitrons and traveling wave 
tubes in its microwave section. Final system tests 
are to start soon at Houma. 
e 

MISSION and traffic control package for super- 
sonic NAA’s B-70 Valkyrie bomber will be de- 
signed and built by Motorola’s Military Elec- 
tronics Div. It will include communications, navi- 
gation, and identification (IFF) elements. Mo- 
torola heads a team of nine subcontractors on the 
project. 


DANISH AIR FORCE is buying $330,000 worth 
of airborne radar from Du Mont. The order js 
for the APS-42B, a surveillance, weather detec- 
tion, and obstacle avoidance set that Du Mont 
produced a few years ago for the U. S. Navy. 
This radar design is obsolete by today’s standards. 

The APS-42B works in X-band with 50-75 kw 
peak power. 


INFRARED proximity fuze system is used on 
the de Havilland Firestreak. Two rows of tri- 
angular windows girdle the body of the British 
surface-to-air homing missile and admit radiation 
to the detectors. The bird’s guidance system con- 
sists of an optical telescope mounted in a faceted, 
optical-glass nose cone. From there, information 
is fed to a proportional navigation computer that 
sends course corrections to the control system. 
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electra/JET courtesy of Western Airlines 


Another Consolidated Systems achievement. Today, a national effort is. being 
made to collect flight load data in military and commercial aircraft. The 
goal is statistical prediction of structural failure and engine malfunction — 
Air Safety. By editing large amounts of analog data at high rates of speed 
and conditioning it for entry into a digital computer, Consolidated converts 
the measurement of physical quantities to significant figuves ... bridging 


the gap between’raw data and air safety. For full information write for 
Bulletin CEC 3021-X5. 


CONSOLIDATED SYSTEMS | < CORPORATION 
1500 S. Shamrock, Monrovia, Calif. 


1 \ 
| A SUBSIDIARY OF CONSOLIDATED ELECTRODYNAMICS 
/ 


High-speed Translator and Editor System converts analog 
records to digital form 100 times faster than original record- 
ing speed, condensing 50 hours of recording into 30 min- 
utes. Editor digitizes only specified peaks, thereby reducing 
data by 80 to 90%. These values are recorded for entry into 
an IBM 705 or Burroughs computer. 
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What makes a good 


thermoelectric material? 


@ Electric and thermal conductivities, Tuere ARE TWO basic thermoelectric effects in 


thermoelectric power are basic para- materials—the Thomson effect and the Peltier effect. 
The summation of these two is sometimes called the 


iy 

meters Seebeck effect. 

e Simplified figure of merit has been An emf due to the Thomson effect is generated in a 
worked out by Soviet researchers ae enon pies carebipier ar oe fer EEN 


end is raised to a higher temperature than the other. Al- 
@ Materials research underway for large though the Thomson emf exists in all thermoelectric cir- 


and small junction differentials cuits, it actually plays a minor role in thermoelectric 
research. 


In the Peltier effect, an emf occurs at the junction of 
two dissimilar materials. For example, consider a metal 
by Gordon Steele, Technical Staff, and an N-type semi-conductor whose energy band levels 


; f * r ; : 
Research Div., Servomechanisms, Inc. * Research Div., Servomechanisms, Inc., Goleta, Calif. 
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and electron distributions are related in a typical case as 
shown in Figure 1. Brought into contact at one end, the 
two materials tend to a state of equilibrium in which the 
electron distribution curve is the same on both sides of 
the interface. 

In Figure 1, electrons will flow from the semiconduc- 
tor, in which they are distributed over relatively high 
energy states, into the metal. The initial difference in 
the Fermi levels of the two materials is a measure of 
the driving emf of the electron flow. 

If now the two materials are brought into contact at 
the other ends, a closed circuit is formed (Fig. 2). When 
both junctions are at the same temperature (T,) the two 
junction emfs oppose and nullify each other. 

A temperature change effects electron distribution 
more strongly in a semiconductor than in a metal. 
Therefore, if the temperature of one junction is raised 
to T,, the electron driving forces at the two junctions 
will no longer be equal and there will be a net junction 
emf, or Peltier emf. 

It can be shown that keeping temperatures at the 
junctions constant implies the absorption of thermal 
energy at the hot junction by the electron flow, which 
transports the energy to the cold junction. There part 
of the energy is “evolved”; the remainder is available 
for electrical work. The highest thermoelectric emfs 
will occur in couples whose arms are an N-type and a 
P-type. The thermocouple used for temperature meas- 
urement is a well-known example of this effect. 


Electric energy turned into heat 


Conversely, if an externally driven electric current is 
sent through a junction, heat will be absorbed or pro- 
duced, depending on the flow direction. The conversion 
of electric energy into heat is called the Peltier effect. 

If a source of emf, such as a battery, is inserted into 
a thermoelectric circuit that is at a uniform temperature, 
one of the circuit’s junctions will rise in temperature 
and the other will fall. A thermoelectric emf developed 
by the temperature difference will, of course, appear 
as a counter emf. The direction of transformation be- 
tween thermal and electric energy will now be reversed; 
heat will be absorbed at the cooled junction and gen- 
erated at the heated junction. Thus the system acts as 
a heat pump. 

The basic factors controlling the efficiencies of such 
a thermoelectric device as an electric power generator 
are rather obvious. First of all, the electric conductivity 
of the materials used must be as high as possible to 
avoid I2R loss, which would destroy the efficiency. 
Obviously, too, the thermal conductivity of the ma- 
terials should be as low as possible, so that as little of 
thermal energy as possible will be conducted through 
the materials from the hot junction directly as heat 
and wasted at the cold junction. 

The higher the voltage generated at the junction, the 


more on next page 
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METAL 
FIGURE 2: Simple 
thermoelectric 
configuration. The 
semiconductor is 
an N-type. 
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FIGURE 3: Relation of thermoelectric parameters to type 
of material. 
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FIGURE 4: Thermoelectric properties of TiO:.s doped with 
silicon. 
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Thermoelectric Properties of the 


Titanium-Oxygen System 
SW ° ve  ° °°”) 


Silicon S K o Figure of 
Content (V/deg C) (cal/sec/deg (mho-cm) Merit (Z) 
(molecular C /cm?/cm) 
per cent) 
TiOo.s 4.79. 0.034 1820 9.9x1077 
TiO 5.44 0.029 622 ARS x1 On! 
TiO1.66 B07, 0.026 128 1.6x1076 
TiO1.96 189 0.025 14.5 5.0x10°6 
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A wt 
VOCU CCU C000 Ue 2 eee ee ee ee t 


103 0.06 


i 


— 
oS 
ey 


ELECTRIC CONDUCTIVITY (o, MHO—CM) 
THERMOELECTRIC POWER (S, uV/DEG C) 


— 
=] 


0.02 


THERMAL CONDUCTIVITY (K, CAL/SEC/DEG C/CM2/CM) 


0 == l Z 
Ti0x 


FIGURE 5: Thermoelectric properties of the titanium- 
oxygen system. 
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higher will be the efficiency, since more power can be 
generated with less current and thus there is less I?R 
loss. The study of thermoelectric materials therefore 
centers around the study of electric conductivity (oc), 
thermal conductivity (K), and thermoelectric power 
(S), which are also the basic parameters in the design 
of any thermoelectric power generator. 

Electric conductivity, simply is a function of the 
number of carriers and their mobility. 

Thermal conductivity in a solid is more complex. It 
depends on two basic mechanisms. One involves the 
conduction band electrons. As these flow through a 
material, they can transport heat energy and so repre- 
sent one component of heat conduction. This compon- 
ent depends on the concentration of electrons and their 
mobility. 


‘“‘Phonons”’ analogous to photons 


The second mechanism of heat conduction in a solid 
is known as “phonon conduction.” It can be explained 
by analogy to electronic radiation theory. For many 
purposes, electronic radiation can be treated as a cloud 
of energy corpuscles—the so-called “photons”, or 
“quanta”. The photon of energy is proportional to the 
frequency of the associated radiation. For example, the 
radiation pressure against a solid can be derived, as was 
done by Einstein, by using the equation of gas-kinetic 
theory as applied to corpuscles. 

Elastic waves in a solid can be similarly treated. 
Sound waves, of course, are elastic waves, and so are 
thermal vibrations. Since a crystal structure consists 
of coupled atoms, the thermal vibrations of one atom 
cause this atom’s neighbors to vibrate. The vibrating 
atoms produce thermoelastic waves, which travel back 
and forth in the solid in all directions. Like electromag- 
netic waves, these waves can be represented as a cloud 
of energy corpuscles, which in this case are called 
“phonons”. 

Instead of thinking in terms of lattice vibrations of 
larger amplitude and higher frequency which are pre- 
sent at the hot end of a bar as compared with the cold 
end, in the study of thermal conduction it is more 
convenient to think in terms of phonons, which are 
present at the hot end in greater abundance and with a 
higher energy. There is a net diffusion of phonons 
from regions of higher temperature to regions of lower 
temperature. Each phonon represents a definite amount 
of energy and the phonon diffusion flow a heat current. 

In metals, the conduction band contains a high elec- 
tron density, and the major share of thermal conduc- 
tivity is due to the transport of thermal energy by 
electron flow. In insulators, the electron density is ex- 
tremely low, and thermal conductivity is due almost 
exclusively to phonons. In semiconductors, the elec- 
tron density lies between that of metals and insulators, 
and both electrons and phonons contribute significantly 
to thermal conduction. 

The thermoelectric power for a given material is the 
electric voltage generated in conjunction with a refer- 
ence material, usually a metal, connected as in Figure 
2 and with the two junctions at different temperatures. 
The emf is expressed in microvolts per degree C of 
temperature difference between the junction and is an 
inverse function of the concentration of carriers in the 
material. 

All thermoelectric generators are composed of two 
elements operating as the two legs of the junction. The 
parameters governing the merit of a particular junction 
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FIGURE 7: Figure of merit vs mean atomic weight. 


are related to those of the elements by: 

Fa-» = (Sa — Sv) / (\/Ka/ ov a \/Ka/o»), 
where F is the “figure of merit” and subscripts a and b 
refer to the metal and the semiconductor, respectively. 
In any study of thermoelectric generators, we must try 
to find the factors that determine F and its maximiza- 
tion. For practical reasons, each material in such a study 
is usually examined with respect to one other material— 
copper, for instance. 

A simplification of F has been used in all the Russian 
work for examining single elements in this fashion and 
is described by Ioffe; it is now used throughout the 
field. This simplified quantity is defined as: 

Lie 90 Ke 

For maximum Z, S and o should be maximized and 
K minimized. Now maximizing S calls for minimizing 
the number of carriers, while maximizing o calls for 
maximizing the number of carriers. Minimizing K calls 
for minimizing the number of carriers, their mobility, 
and the phonon contribution. 

These are obviously conflicting requirements. If the 
number of carriers is reduced to increase S$, o will de- 
crease, creating a negative effect. At the same time, 
K will also decrease, creating a positive effect. 

If the mobility of the carriers is increased, S is im- 
proved slightly and o is improved a great deal—but K 
is also increased, producing a negative effect. Ob- 
viously the design of optimum material calls for full 
knowledge and extremely careful control of the carriers 
and their mobilities. This in turn implies extremely 
careful control of the purity of the materials. 

One factor outside the interlocking relationship of 
o, K, and S is the phonon conduction contribution to K, 
which is a function of the crystal lattice constants of 
the materials. Therefore all steps should be taken to 
minimize phonon conduction. 

A proper mixture of dissimilar ions in the crystal 


(1) A. F. Ioffe et al, ““Termoelektricheskoe Okhlazhdenie”’ (Thermo- 
electric Cooling) ; 756. 
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lattice reduces phonon conduction by increasing the 
“phonon scattering’ and so reduces effective phonon 
mobility. In Russia, Ioffe used a mixture of bismuth 
telluride and bismuth selenide to cause discontinuities 
in the crystal lattice for increased phonon scattering. 

If you study the factors in the equation for Z, you 
can see what general type of materials should be con- 
sidered for a thermoelectric generator. Figure 3 plots 
these factors as well as Z over the range of materials 
from metallic conductors through semiconductors to 
dielectrics.2, Z reaches a maximum in the general area 
of semiconductors. For metals, o is favorably high, 
but S is very low and K is unfavorably high. For 
dielectrics, S becomes very high and K is favorably 
low, but o is impossibly low. Thermodynamic efficiency 
must also be considered in the design of a thermoelectric 
power generator. With given materials, the efficiency 
of the overall device is proportional to the difference of 
the absolute temperatures of the hot and cold junctions. 
A generator operating with a 1000-deg C difference 
between the junctions would be much more efficient 
than one operating with 300-deg C difference. This 
consideration has led to two materials programs at 
Servomechanisms Research Lab. 


Goal is the highest possible Z 


The first program concerns materials for thermo- 
electric power devices for operating at low temperatures 
(below 300 deg C) with a small temperature difference 
between the hot and cold junctions. Its goal is to find 
materials with the highest possible Z. According to our 
present data, these materials will most likely be inter- 
metallic semiconductors—such as lead telluride and 
bismuth telluride—that, because of their physical pro- 
perties have high Z values but are limited to lower 
(2) DeVries & Roy, “‘Phase Diagrams for Ceramists” (p. 64); Am. 
Ceramic Soc. ’56. 

more on next page 
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temperature ranges. Doping will be used to form N- 
and P-materials. 

The second program involves materials for operation 
at a hot-junction temperature of at least 1100 deg C. 
These temperatures obviously call for refractory ma- 
terials, and temperature stability must take precedence 
over straight maximization of Z. So far it appears that 
the Z values of these materials will be lower than those 
attained by intermetallic semiconductors, the high tem- 
perature differential may make up the difference. The 
materials of interest are the non-stoichiometric refrac- 
tory compounds, such as the titanium suboxides. Also 
of interest are impurity-doped refractory materials. 

When we started the second program, the high 
thermoelectric power values (on the order of 2, 
-10,000 uv/deg C) reported in the literature for ma- 
terials like lead oxide and bismuth oxide looked very 
interesting. A quick check of the doping possibilities 
for these materials resulted in uncertain data, probably 
because of inadequate control of carrier concentration 
and purity. A series of lead oxide specimens were pro- 
duced by P and N doping with potassium oxide and 
bismuth oxide. The conductivities of the resulting ma- 
terials generally remained unsatisfactorily low, and it 
was difficult to measure the thermoelectric power be- 
cause of high resistivity. 

Interestingly enough, however, one sample of PbO 
doped with Bi,O, showed an unusually high thermo- 
electric power on the order of 60,000 uv/deg C—higher 
than any value we measured in the lab or could find 
in the literature. The sample’s output against copper 
was about six volts, operating on a 100-deg C thermal 
gradient. Its resistivity, however, was 1011 ohm-cm, 
which makes it unsuitable for any practical use. 

Another preliminary series of tests was run on a 
group of TiO, , titanium oxide samples doped with zero 
to 75 molecular per cent of silicon. We chose the 
TiO,,,; mostly as a “stab in the dark” to gain experi- 
ence with the measurement problems in one range of 


materials and to get a feel for the effects of the doping 
of suboxides. ) / 

The results of this series of tests are rather interesting: 
although the K remains reasonably constant, 7 and § 
vary widely (Fig. 4). Attempts to measure the Hall 
effect for doped TiO,,, showed that the effect was too 
small to be measured accurately with the equipment we 
had. It is slightly less than one per cent of the Hall 
effect measured for bismuth. 

The curve for S shows a maximum at five molecular 
per cent of silicon. Since the thermoelectric voltage is 
positive in this region, by convention the material would 
be an N-type semiconductor. A second maximum in the 
curve for S occurs at 25 molecular per cent of silicon 
in the region of negative thermoelectric power which, 
by convention, would define the material as a P-type. 

The value of oc, after an initial increase at five molec- 
ular per cent of silicon, decreases through the rest of 
the series, as would be expected in view of the increased 
silicon content. Not enough data were taken to give the 
exact location of the maxima. 

The thermoelectric properties of the titanium-oxygen 
system without the addition of doping materials was 
also explored—over the range from TiO, to TiO, (Fig. 
5 & Table). The resulting curves showed the normal 
tendencies of the three parameters that would be ex- 
pected for the transition from metal through semicon- 
ductor to insulator. However, when Z is calculated from 
these data, it shows an abrupt maximum in the region 
of TiO, ,, (Fig. 6). 

The search for additional controlling parameters for 
the thermoelectric efficiency of materials led us to ex- 
amine some of the work done by Goldsmid.* In one 
attempt at correlation, he plots the efficiency factor of 
various known materials on which data are available 
against the materials’ mean atomic weights (Fig. 7). 
The efficiency factor used in this case is p/K,, the 
mobility of the carriers divided by the phonon contribu- 
tion to thermal conductivity. 

In using this ratio as a figure of merit it is probably 
assumed that the interlocking effects of the number of 
carriers effectively remove the carriers as a variable in 
the type of materials under discussion. This leaves car- 
rier mobility and phonon conduction as the two con- 
trolling variables. The curve in Figure 7 shows a possible 
straight-line relationship between the figure of merit and 
mean atomic weight. 


Less scatter for interionic distance 


As some of the basic ideas suggested by Ioffe were 
extended further, researchers at our Lab came to believe 
that interionic distance would much more nearly be the 
controlling factor rather than mean atomic weight. We 
replotted the data of Figure 7 against interionic distance 
(Figure 8), getting an almost linear relationship to log 
u/K, but with fewer scatter points than in Goldsmid’s 
plot. Since the figure-of-merit scale is logarithmic, it can 
be reasoned that even modest increases in interionic 
distance would provide significant improvements in the 
thermoelectric material. 

Naturally we realize that correlations like this one 
may break down when you try to apply them. However, 
we feel this relationship is well worth looking into, and 
we plan to explore the possibility of designing materials 
with larger interionic distances than those of bismuth 
telluride, which is now at the top of the curve.—End 


(3) H. J. Goldsmid, p. 218, Proc. Phys. Soc. 68, ’55. 
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Diffusion promises more efficient 


semiconductor 
production 


@ Process can be closely controlled 
@ Better lead attachment sought 


@ Zone refining used for germanium 


by James Holahan, Electronics Editor 


P roBasBLy MORE quality transistors and semi- 
conductor diodes are used in aerospace electronics 
than in any other segment of the electronics industry. 
The trend to solid-state aerospace components has 
literally turned into an avalanche. Undoubtedly it won’t 
stop until all but special-purpose active electronic 
elements in military and commercial aerospace vehicles 
and their ground equipment are solid-state devices. 

However, before semiconductors can reach their 
full potential, we must be able to turn them out in 
large volume, with uniform characteristics, and at low 
cost. These requirements make mechanized manufac- 
ture a necessity. 

Over a million transistors will be produced this year 
—but on most of them the processing and assembly 
operations will still be done manually. Go to any semi- 


conductor production plant and you find that most of 
more on nexf page 


FOUR HUNDRED mesa tran- 
sistors have been diffused on 
this single slide of silicon. 
“Dots” (shown actual size at 
left) are later cut out of the 
silicon. After processing and 
lead attachment, they are 
packaged in their containers 
for final tests. 
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close contro! of transistor characteristics during manu- 
facture. Part of junction between base layer and N-type 


parent material is etched away to reduce collector capac- 
itance and produce a mesa-like structure. 
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FIGURE 1: Manufacturing steps for diffused power diodes. All 
drawings except for the wafer cross-section show actual sizes. 
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its work is performed by skilled and semi-skilled tech- 
nicians. Many of these have to use microscopes, micro- 
manipulators, and other mechanical aids to see and 
handle the tiny parts with which they have to work. 

Despite the best efforts of production engineers 
semiconductor manufacture today is slow and expensive. 
Yields vary because of the unpredictability of many 
processes and the day-to-day variables introduced by 
human operators. 

Incongruously, the greatest barrier to mechanical 
production is the rapid advance of the solid-state 
technology, which simply refused to stand still long 
enough for the manufacturer to mechanize extensively. 
Those companies that have been bold enough to devise 
machines for certain processes are finding that new 
developments are making these machines obsolete 
almost before they are broken in. (Testing is an ex- 
ception. Here, manufacturers have found, automatic 
devices are far less perishable than on the production 
lines.) What the manufacturers are looking for is a 
design plateau—a period of stability in the develop- 
ment of the technology that will let them mechanize 
with some assurance that they will get a reasonable 
return on their investment in new machinery. 

To the user cf semiconductors, the circuit designer, 
mechanized production means devices with uniform 
characteristics from lot to lot, higher reliability, quicker 
delivery, and lower costs. Judging from the complaints 
of engineers, these improvements are all badly needed 
for semiconductors used in aerospace electronics, 

Diffusion may furnish the design plateau for which 
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all have been looking. Many companies, including Bell 
Labs, believe there is enough design flexibility in the 
diffusion process to provide for nearly all foreseeable 
transistor and diode needs. Bell estimates that diffused 
silicon and germanium transistors and silicon diodes 
will be used far more widely than any other semi- 
conductors over the next decade (see S/A, “What's 
Ahead for Junction Transistors?”, Oct. ’59, p. 217). 
Western Electric’s semiconductor production plant at 
Allentown, Pa., is turning its emphasis from germanium 
alloy types to diffused germanium and silicon mesas 
and silicon diodes. Throughout the semiconductor in- 
dustry a number of diffused-base and diffused-base-and- 
emitter transistors is being produced in both silicon and 
germanium. 

In diffusion, impurities are injected under high tem- 
perature into the semiconductor material to form the 
base layer or both base and emitter layers. The semi- 
conductor into which the impurities are injected has 
enough impurities of its own so that it can serve as 
the collector element of the transistor. The junction 
is formed along a line at which the diffused impurities 
overcome the effect of the original impurities in the 
solid. 

Typical diffusants are gallium and boron (both 
P-type) and antimony and phosphorus (both N-type). 
While in the vapor phase, they are diffused into the 
solid within a special furnace (Fig. 2). 

The distribution of the impurities is not uniform. 
It varies with the degree of penetration into the solid 
and in some cases produces internal electric fields. 
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These accelerate the minority carriers in transit across 
the base region, and so very high frequency amplifying 
and high speed switching transistors can be designed— 
amplification up to 1000 me and switching in mil- 
limicroseconds become possible. Another advantage of 
diffused semiconductors is that the junction area can be 
made quite large, so that the devices can be designed 
to handle powers up to 100 W and more. 

For the manufacturer, the prime attraction of dif- 
fusion is that the process can be predicted quite 
accurately. Both diffusion depth and the amount of 
impurities that is introduced therefore can be tightly 
controlled. 

Figure I shows the important steps in solid-state 
power diode production as it has been worked out at 
Western Electric. For a diffused silicon mesa, WE 
estimates, there are some 40 manufacturing steps. Some 
of the basic ones are (with NPN silicon): 

e An N-type silicon crystal is sliced, and each of 
its slices is polished to a mirror finish. (Each slice 
potentially contains 50-1000 transistors, depending on 
the type of device being made.) 

e Each slice is heavily oxidized. 

e Gallium vapor is deposited on the slices in a 
furnace. The result is a P-layer of 0.00016 in. penetra- 
tion on all surfaces of the slice. (The rate of diffusion 
is a function of furnace temperature. WE uses 1150+5 
deg C for silicon and 650+5 deg C for germanium.) 

e The bottom layer of each slice is lapped off to 
a precise thickness. 

e A proto-resist pattern is applied to protect all of 
the top surface of each slice except for a 0.004x0.006- 
in. rectangular emitter aperture. 

e To get the emitter, phosphorus is diffused in the 
aperture of the already diffused base layer to a depth of 
0.0001 in. This leaves a base layer of 0.00006 in. 

e The elements are precisely masked, and metal 
contact strips are evaporated on the emitter and base 
layers. 

e By masking, a wax dot is placed over the emitter- 
base contact area to protect it against etching. 

e A portion of the collector is etched away to reduce 
the collector capacitance. (This result is the shoulder- 
like structure that gives the mesa its name.) 

e Each slice is cleaned, scribed, and diced into tran- 
sistor elements. 

e Leads are attached to the elements; each element 
is attached to a header packaged, degassed and sealed; 
and each transistor is tested. 


Problems are still not all solved 


There are many problems still to be solved in the 
design and production of diffused semiconductors, 
according to the Bell Lab engineers working at WE’s 
Allentown plant. They feel that diffused semiconductor 
production is still in its infancy. The main problems are 
posed by the choice of diffusants, and diffusing cycles 
and atmospheres, in geometry control, and in lead 
attachment. Surface stabilization and cleanliness are 
also causing trouble, but that’s hardly news—we have 
already had to face these two problems on alloy junction 
devices (and still have to find satisfactory answers). 

For lead attachment, WE uses a thermocompression 
bonding process developed at Bell Labs. By applying 
a 300-deg C temperature and a pressure of 20,000 psi, 
it welds lead wires to the base and emitter stripes. 
While its process does the job, WE reports, it is cum- 
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bersome and time-consuming. To get higher production 
rates, Bell Labs and WE engineers are working on a 
mechanized version of the process. 

On the plus side, the diffused technique allows 
much wider temperature control than there is in alloying 
(for which the temperature has to be within one degree 
C at 500 deg C). Layer thicknesses are easier to control, 
too, since you are working from one surface only. 

A single diffusion furnace of the type shown in 
Figure 2 can turn out 30-40 slices in an eight-hour day. 
This could mean a production rate of as many as 30, 
—40,000 semiconductors per day. 

According to Bell Labs engineers, the yield on cer- 
tain semiconductor types at the Allentown plant is bet- 
ter than 50 per cent from dicing to final shipment. 


more on page 173 


FIGURE 2: Hydrogen furnaces and controls at Western 
Electric’s Allentown, Pa., semiconductor manufacturing 
plant. Impurities are diffused onto semiconductor (sili- 
con or germanium) surfaces within the furnace. Diffusion 
depths and impurity concentrations are determined large- 
ly by temperatures, times, and carrier gas compositions. 


VACUUM PUMP STATION at WE’s Laureldale, Pa., semi- 
conductor plant. It removes air from assembled transis- 
tors and simultaneously seals them. 
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* Target acquisition and recognition: You can search 
a huge area in minute detail for widely separated, lethal 
forces and installations — many of which are highly mobile. 


* Target location: through navigational aids so accurate 
that conventional warheads may be used on concentrated 
targets with a high probability of success. 


* Data Handling: to interpret and relay the target data 
from TI-equipped drones and snooper aircraft to the field 
commander in useable form. 


* Weapon damage assessment: verifies weapon accuracy 
and evaluates the remaining threat. 
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Plus: training aids and maintenance services 
to assure that both men and equipment are at 
top efficiency. 


This capability now exists at TI, with the latest 
and most sophisticated airborne reconnaissance 
systems being flown daily at TI’s Avionics 
Test Center. 


For detailed discussion of TI Surveillance hard- 
ware, currently in production for the USAF and 
US Army Signal Corps—cleared personnel 
“with need to know” are urged to call or write: 
SERVICE ENGINEERING DEPT. 
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Sharply controlled batch processing accounts for this 
high figure, they say. They hope to improve yields 
further by introducing statistical quality control and 
eliminating judgment by the human operator as much 
as possible. 

The failure rate on production units is determined 
by high temperature testing. On one germanium switch- 
ing transistor, a statistical sample of 1063 units is aged 
at 100 deg C for 1000 hours. If the entire lot is to 
pass, there may be no more than two failures. (By 
definition, a failure occurs when any of a large number 
of end point limits is exceeded). 

This test enables WE to say with 90 per cent con- 
fidence that the failure rate of the production lot is 
less than 0.5 per cent per 1000 hours at 100 deg C. 
The test results can be interpolated down to room 
temperature. 


Purifying germanium and silicon 


Regardless of the method used to produce transistors, 
the crystal has to be extremely pure. Manufacturers 
are able to purify germanium and silicon to one part 
of impurity per 10° parts of the material. (This applies 
for impurities due to the elements in groups 3 and 5 
of the periodic table, copper, iron, and other common 
metals. It does not apply for gaseous impurities. ) 

In germanium, the purity problem has been solved 
by “zone refining”, another technique developed at 
Bell Labs (Fig. 3). Within a graphite or quartz 
container, the germanium is slowly moved through a 
horizontal tube around which are wound RF induction 
heating coils spaced in different “zones” along the tube. 
The atmosphere within the tube is inert, and the 
container in which the germanium is placed does not 
react with the metal. 

As the germanium is moved through the tube, it is 
alternately melted and frozen. The highly pure metal 
tends to freeze more quickly than the impurities, so 
that these can be separated out. The metal may be 


STRUCTURE of stepping transistor made by Bell Labs 
from a single piece of silicon by oxide masking diffusion. 
Photo is magnified about 100 times. Light and dark areas 
are different electrically active regions. 


passed through the zone refiner several times to get 
higher purities. 

Unfortunately, horizontal zone refining in crucibles 
does not work for silicon—there aren’t any known 
containers with which silicon will not react. 

A technique known as floating-zone purification is 
being used with some success with silicon. However it 
is slow and expensive and seems limited to special- 
purpose devices like high power rectifiers.—End 
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FIGURE 3: Zone refining is universally used 
for germanium purification. Molten germa- 
nium is slowly drawn past induction heating 
coils. Purity following each pass is shown 
in the graph. 
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Electronic materials 
reference file 


@ Radiation @ Semiconductors @ Foams @ Electric Properties 


Tus REFERENCE FILE presents data on the 
radiation stability of electronic materials, on semicon- 
ductor materials, and on plastic foams for aerospace 
electronics, as well as a solid-state periodic table. 

The radiation stability bar graph shows the relative 
stability of the physical properties of major types of 
materials in radiation fields containing 10 rep gamma 
photons for each rep of neutrons. Designers and users 
of electronic components must find out whether re- 
quired operating environments might produce perma- 
nent radiation effects that could affect component re- 
liability. The GE report from which this graph is taken 
points out that more component failures are due to 
permanent changes in the physical properties of ma- 
terials that are caused by radiation than to transient or 
reversible damage. Permanent changes depend primar- 
ily on the material type, the amount and type of radia- 
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tion, and environmental conditions such as temperature 
and atmosphere. 

This graph was prepared by Atomic Products Div., 
General Electric Co., Cincinnati, Ohio, as part of Esti- 
mated Radiation Stability of Aircraft Components.” 

The solid-state periodic table is a rearrangement of 
the periodic table of the chemical elements that makes 
it easier to study the electric nature and behavior of 
materials. The key to the table is given in the lower 
right-hand box of the first section, with “X” represent- 
ing electronegativity, defined as the extent, relative to 
other atoms, to which a given atom or group of atoms 
tends to attract and hold valence electrons in its imme- 
diate vicinity. “Outer orbital shift” indicates that the 
electron that differentiates one element from another 
is in the outer electron shell of the atom. ‘Second orbital 
shift” indicates that this electron is in the second shell 
from the outer most one and so on. 

This table was prepared by the Research Laboratory, 
Servomechanisms, Inc., Santa Barbara, Calif. 

Graph 1 on semiconductor materials shows the maxi- 
mum temperatures at which semiconductors made of 
various materials can be expected to operate. In the first 
column are semiconductors that occur as elements; in 
the second, those in which two of these elements are 
combined. The three remaining columns show com- 
pounds made up of elements in the third and fifth col- 
umns of the periodic table. 

Carbon (C) refers to diamond, which has not yet been 
grown with sufficient control so that practical semicon- 
ductors could be made from it. Germanium (Ge) and 
silicon (Si) are the only elementary semiconductor ma- 
terials now in use. They can be alloyed in any propor- 
tion, so that their combinations have a range of prop- 
erties whose limits are the values for the two elements 
used by themselves. 


more on page 176 
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Class 


Physical Characteristics 
Available densities (lb /cu ft) 
Compressive strength @ 8 lb/cu ft 
Compressive modulus @ 8 !b/cu ft 
Flexural strength @ 8 Ib/cu ft 
Flexural modulus @ 8 |b/cu ft 
Tensile strength @ 8 Ib/cu ft 
Thermal conductivity @ 8 lo /cu ft 
(btu-in.-deg F-!-sq ft-!-he-!) 
Coefficient of thermal expansion ( X10") 
Max operating temperature (deg F) 


Electrical Characteristics 
Dielectric strength (V /mil) 
Volume resistivity (ohm-cm) 
Dielectric constant @ 8 Ib/cu ft 
Dissipation factor @ 8 |b/cu ft 


Processing 
Special equipment required 


Resin viscosity (centipoises or form) 
Processing temperature (deg F) 

Pot life at processing temperature (min) 
Relative exotherm temperature 

Number of components 

Postcure required 


General 
Relative cost 
Primary feature or application 


Plastic Foams 


XG] »’. WAAL HH ww vr°o° 7" "!lll7l7"FWwihhdtd 


Epoxy | Urethane 
Se ee eee 
SE eee 
ine- Anhydrine-Cured, d 
patent ens. eae a Rigid Semi-Riaid Flexible 
38 6-8 1-50 9-99 1.5=-8 
3308 110 9408 1508 0.3-0.68,¢ 
10,5004 8500 3000 2-10° 
4004 re 
83004 
3204 76 300 140 15-30° 
0.Q54+J 0.24 0.20-0 .32 nae 0. 20° 
40-60 30-40 40-45 
200-300 240 250-400 150-250 200-250 
85 40-75 35-50 
>102 108-1015 1012-1015 
1.154 AS, AS: A |e 1.05¢ 
0.00044 0.0003 0.0004 0 .0003° 
no no no no no 
1,-15,000 powder 15,—300,000 8,-25,000 200-20,000 
75-225. 175-295 75-150 75-100 75 
30-40 30-60 0.5-3 O.5e7 0.1-2.0 
very high low moderate to high low to moderate low 
1 2 2 Qor3 
no yes varies no varies ; 
moderate to high moderate to high moderate moderate moderate 
good strenath, easily processed high strength, low exotherm shock absorption 
high exotherm versatility, compared with 
low K factor rigid 
when freon blown 


(A) At 10 Ib/cu ft density. (B) At 25 per cent deflection. (C) At two Ib/cu ft density. (D) At 20 Ib/cu Ft density. (E) At 21 Ib/cu ft density. (F) At five per 


IV-V 
ELEMENTS | COMPOUNDS 
1200 Cf 
1000 SiC 


800 
700 


| 

| 

| 

| 

600 
500 
400 | 
300 i 

| 
: T 


5) 
(clof 
=) 
& 
Eee Si-Ge 
= 
bd 100 Ge 
Oo 
= 
= 
= 
a 0 
= 
=) 
= 
= 
= 
~100 
299 Sn 


III-V COMPOUNDS 


GaP 


GaAs 
InP Semiconductor Materials 


GaSb 


InAs 


MAXIMUM OPERATING TEMPERATURE (DEG C) 


InSb 


RELATIVE HIGH-FREQUENCY FIGURE OF MERIT (T=25 DEG C) | : 


WW GG Y)\QQ)YyYYg|\|\|[| |KPAAATTHAAALLT 
SSW yy www ww wii 00) ggg www _ 
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SPACE/AERONAUTICS 


for Aerospace Electronics 


Syntactic Polystyrene Silicone Polyester Phenolic Vinyl Cellulose 
Acetate 
Bae: Beehe pnt Rigid Rigid Flexible Rigid Rigid Rigid Flexible Rigid 
20-40 18-93 USTs 10-18 90-95 2-90 0.3-60 = = Se 
1010D 2700E 140F 2008 12,98, 8 160 1504 700. Oa 5a 
g00P 2200 260 230 ee aT 
54,0002 5500 
147 60H 100 45 250 183 
0.38D 0.302 0.27 0.39 0.4-0.68 0 .20-0.30 0.46 0.36 0.2988 One? 
40 hy 30-40 40-50 25 
300 500 185 >500 500 300 350 200 WS 350 
x 1.8 X10188 
1.45D 1.5% hele 1.256 2.8 1.1 41.20 20 10-1 .12 
X0.012 0.01 0.0005 0.0008 0.099 009-0 -003 
no no recommended no no yes no depends on depends on yes, Solel 
. . + t t 
viscous liquid damp sand beads powder 40,000 8500 viscous liquid liquid liguid Eat 
5 up 250 up 230 up 300-355 15 75 75 300-400 300-400 
480K 30 7 
low low none none moderate to high none none none 
Q 1 or 2 1 1 2 Qor 3 1orQ 1or2 
yes yes no yes 94 hrL recommended no no 
high high low high high low low low ow high 
pack-in-place | pack-in-place | good moisture | heat stability heat stability low cost, fri- | low cost; ex- excellentshock} prefoamed 
arrier able, applied tremely low absorption sandwich 
as ungelled densities construction, 
foam available 


The aluminum compounds in the third column tend 
to decompose in the presence of moisture and haven’t 
been used very successfully as yet. 

Graph 2 shows operating temperature limits and a 
high frequency figure of merit relating to the suitability 
of various materials for transistors. The more interest- 
ing compounds are identified by double circles. 


THRESHOLD VALUES FOR: 


S 102 

Ss POWER TRANSISTORS 
Bi eee HIGH FREQUENCY 
= 10 ee TRANSISTORS 
S | RECTIFIERS 

a 

pee 7 

s 

= 

S 

= 

= 


VJ, SNLLSIGNAL 
| DIODES 

| 

| 

| 

| 

| 


0.02% 
IMPURITY 


1015 1016 1017 1018 1019 


IMPURITIES PER CM? 


4012 1013 1014 


SWAMI _ wy?” °O7’n’: 0,  F "77 pn 33911 ggg)00}0W 
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‘lection. (G) At 14 Ib /cu ft density. (H) Over range of available densities. a) At yield point. (J) 0.11 with freon blowing, (K) At 75 deg C. (L) At room temperature 


icin a 


The Si-Ge mixture gives poorer high frequency per- 
formance than either silicon or germanium, so it’s not 
of much interest. Gallium arsenide (GaAs) and indium 

_ phosphide (InP) should have frequency responses com- 
parable to those of Si and Ge, yet they operate at higher 
temperatures. Silicon carbide (SiC) and gallium phos- 
phide (GaP) don’t operate at frequencies high enough 
for transistor use; however, they may be useful for 
rectifiers at very high temperatures. 

Graph 3 shows how far along we are in purifying 
semiconductor materials. It plots impurity concentration 
vs minority carrier lifetime, on which a device’s per- 
formance largely depends. Of the materials available to- 
day, only G and S are practical for use in power tran- 
sistors. Improvements in the art should continue to move 
the compound materials up the curve toward G and S. 

These graphs were prepared by William M. Webster, 
Director, Electronic Research Laboratory, RCA Lab- 
oratories, Princeton, N.J. 

The table on plastic forms for aerospace electronics 
gives the physical, electric, and processing character- 
istics of various plastic foams. Important applications 
of foams in aerospace electronics are in secondary 
structures and encapsulation, vibration isolation, and 
thermal insulation. With the help of this table, you can 
find the proper foam for your particular requirement. 

This table was prepared for SPACE/ AERONAUTICS by 
Lawrence V. Gallacher, Development Services Dept., 
Arma Div., American Bosch Arma Corp., Garden City, 
IND Ge 
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Outstanding engineers and sc 


AIRBORNE ELECTRONICS 


...ineludes specialists in the development of systems 
and equipment for aircraft, missiles and spacecraft. 
Their capabilities include extensive experience in min- 
iaturization techniques, weight and power conservation, 
systems design and transistorization. 


* Transistorized Search, Bombing, and 
Terrain Clearance Radar 


* All Weather Radar Toss Bombing 


* Radar Augmenter Beacons 


ientists are invited to inquire into opport 


SHIPBOARD ELECTRONICS 


-.. comprises three design groups; Radar, Guidana) 
and Ordnance Equipment. Their personnel are specia 
ists in the development of systems designed to withstan| 
extremes in environment encountered in submarin 
and surface vessels. 


* Elecronic Simulators 


* Radar Course Directing Centrals 


* High Power Lightweight Air Search Radars 


unities on Stavid’s advanced systems engineering team 
Write Dept. - | 


These current projects demonstrate Stavid’s 
engineering versatility and diversification. 


The first lightweight shipboard air search radar capable of dis- 
tinguishing aircraft in formation several hundred miles away. 


An airborne search, bomb/nay. and terrain avoidance radar 
weighing less than 235 pounds, 


A sferics system that tracks severe weather disturbances over a 
2000 mile radius. 


A twelve-pound radar transponder for tracking research vehicles 
200 miles above the earth. : 


High-power air search radars are being reduced. from 6000 pounds 
to less than half. 

Missile control systems have been shrunk 70% in volume, 60% in 
weight, and designed for mechanized assembly. 


A missile launching silo was completely instrumented in two months. 


Anti-jamming techniques are being perfected for advanced radars, 


Simulators to train submarine-based missile crews in guidance 
techniques are being produced in quantity. 


SROUND-BASED ELECTRONICS 


..represents three major capabilities; antenna de- 
elopment, electromagnetic detection systems, and pas- WATCH STAVID FOR THE 


vive detection of long-range missiles and submersibles. 
LATEST DEVELOPMENTS IN 


* Sferics Locating System 


* Broadband High Frequency, High Power Ymaginalive Elatientcs . ie 


Worldwide Communications Antenna 


* Missile Beacon Telemetering Systems 


STA VID Engineering, Inc. Pisintieis, new sersey 


A SUBSIDIARY OF LOCKHEED A:RCRAFT CORPORATION 
Write in No. 110 on Reader Service Card at start of Product Preview Section 


Donner’s rugged new angular accelerometer 
weighs only 2 pounds. 


The Specs 


RANGES AVAILABLE 


From +1 radian/sec? to +50 rad/sec? to any 
intermediate range. 


FREQUENCY RESPONSES 
+1 rad/sec? 30 cps natural frequency (90° lag) 
+10 rad/sec? 100 cps natural frequency (90° lag) 
OUTPUT, FULL SCALE 
+20 volts across a 12,500 ohm load 
RESOLUTION 0.01% full scale or better 
LINEARITY 0.1% full scale 
HYSTERESIS Less than 0.01% full scale 
DAMPING 0.6 =+0.1 of critical 
SIZE 3.7” diameter x 3.7” high 
WEIGHT 2 pounds 
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Write in No. 111 on Reader Service Card at start 


& >: 


PROBLEM: 


Measure angular 
acceleration accurately 


ANSWER: 


The New Donner 
Angular 
Accelerometer 


Light 
Compact 
High natural frequency 


_..THE FACTS...As you are well aware, 
designing a good angular accelerometer is a 
tough technical task. Donner Scientific’s new 
unit is another successful chapter in a record 
= of creative engineering. 

a Chief applications for this unique 
force balance angular accelerom- 
eter are closing the servo loop on 
ground launching equipment for 
missiles and detecting the roll, 
pitch and yaw accelerations of 
missiles once they are airborne.. 
In the latter application, the: 
Model 4525 can replace some: 
gyros and supplement others. 


ANGULAR ACCELERATION 
SENSING ROTOR 


e=ye 
Se) 


TORQUE MOTOR 


CANNON: 
KH30-16-10PR 


J Test-awpurioe 
TEST-TORQUE COIL. 
SIGNAL OUTPUT 
SIGNAL GROUND 
—45 V0.6. INPUT 
CASE GROUND 


+45 V0.0. INPUT 
‘SPARE 
SPARE 
SPARE 


Operational diagram of Donner’s new 

Model 4525 Angular Accelerometer. 

The mechanically rugged and electron- 

ically rigid Model 4525 is one more basic tech- 

nical contribution from an engineering team 

specializing in inertial systems interlocking 

time, acceleration, velocity, and other dynamic 
inputs. 


More DaTA AVAILABLE—An illustrated 
4 page data file is yours for the asking. Please 


address Dept. 0911. 
0 fl ne SCIENTIFIC 
COMPANY 


CONCORD, CALIFORNIA 


of Product Review Section 
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Metal oxide additives give 


production 
& materials ~ 
engineerii 


@ “Freak” effect led to new discoveries 
@ Nickel and iron oxides proved best 


@ Weight accuracy is important 


by F. N. Bradley, Research Engineer, 


Materials Section, Aerospace Div., Boeing Airplane Co.* 


DIELECTRIC constant vs temperature for con- 
ventional high-K materials (see Table) and 
‘freak’ addition of two per cent Fe2Os. 


DIELECTRIC CONSTANT (K><102) 


2% Fe203 


—55 —35 <5 +5. +25 +45 
TEMPERATURE (DEG C) 


Ever since the discovery of the unique ferroelectric 
properties of combined barium oxide and titanium 
oxide (BaTiOs) during World War II, the art of formu- 
lating capacitor ceramic compositions with a high di- 
electric constant (K) has been largely empirical. It was 
to be expected that any required modifications in 
BaTiOs would be selected among the same materials 
that had already been used successfully to alter the 
titania (temperature-compensating) dielectrics. 
Additions of strontium, calcium, magnesium, or lead 
titanate all produce useful modifications in the temper- 
ature-capacitance (T-C) curve of the ceramic. A virtu- 


* Aerospace Div., Boeing Airplane Co., Box 3707, Seattle 24, Wash. 
more on next page 


ations of material A (see Table) tested after the 


ye DIELECTRIC constant vs temperature for vari- 
discovery of the ‘‘freak’’ effect of Fe2O3. 


60}———_1—_—80% BaTi03, 10% SrTi0s, 
10% CaZr03 (A) 
f 


90% BaTi0s, 10% SrTi0s, 
1.5% Fe203 


DIELECTRIC CONSTANT (K>< 102) 


UC ie 90% BaTi0z, 10% CaZr03, 
5% Fe203 


fo 


} 
80% Bali0z, 10% SrTi03, 
7 10% CaZr03, 1.5% Fe203 


ae Ses te 
—55 —35 —15 +5 + 26, +45 +65 +85 
TEMPERATURE (DEG C) 
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BUILD ON... 


Lt 7 
Sr, 4 


TEMPERATURE CONTROL 
EXPERIENCE 


REFRIGERATION 


7 COOLING 


Sensitive aircraft and missile components and 
systems often require temperature control 
within close limits — while ambient temper- 
atures fluctuate widely. Eastern refrigera- 
tion-type cooling systems are ideal for such 


conditions. 


Designed for the strictest military require- 
ments, these vapor-cycle closed-system 
packages are built around a highly efficient 
compressor powered by a special 400-cycle 
motor. Unique condensing and _ special 
cooling methods are called upon to meet 

the most unusual operating requirements, 


the most demanding specifications. 


- Capacities range from 100 to 6000 watts; 
operating altitudes extend to 100,000 
feet. Some units, of the “boil-off’ type, 
perform almost without regard for ex- 
tremes in altitude and temperature. 


Call on Eastern for imaginative solu- 
tions to all avionic cooling problems 
. and write for new Bulletin 360. 


EASTERN 
INDUSTRIES 


100 SKIFF STREET 
HAMDEN 14, CONN. 
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CAPACITOR CERAMICS .. . 


ally countless number of composi- 
tional variations can be created by 
applying alkaline earth zirconates 
and stannates, each of which has a 
somewhat different action. A con- 
venient way of classifying these 
modifiers is to consider them as 
either shifters or depressors of the 
peak dielectric constant. 

When the shift and. spread ef- 
fects were first recognized in 1952, 
many felt the problem had been 
reduced to that of producing a 
range of capacitor bodies that sac- 
rifice dielectric constant for the 
sake of better temperature stabil- 
ity. The Table shows two of the 
more popular high-K compositions 
in use at that time. In each of 
these materials, CaZrO3 seems to 
act partly as a shifter and partly as 
a peak broadener. Also, it shows 
fewer depressing effects than the 
other commonly used compounds. 

To improve the vitrification 
characteristics of material A, it be- 
came standard shop practice to add 
a small amount of Fe2Os (about 
0.2 per cent). On one occasion, 
however, a lab technician mistak- 
enly added two per cent of Fe2Os. 
The error was easily detected be- 
cause the dielectric constant of the 
compound dropped to 800, while 
the capacitance-temperature stabil- 
ity improved to —10 per cent, as 
against about —30 per cent for 
the then conventional K800 ma- 
terial (Fig. 1). 

Materials engineers were quick 
to take advantage of this unex- 
pected discovery. Systematic vari- 
ation of the components of the 
“freak” body at least disclosed the 
nature of the compound, even 
though no explanation could be 
given for the observed effects. 

Later on, the elimination of Ca- 
ZrOz from the “freak” compound 
resulted in the sharp peak char- 
acteristic of the T-C curve for 
solid BaTiOs-SrTiOz _ solutions. 
(Adding more Fe2O3 to the com- 
pound had no visible modifying ef- 
fects.) On the other hand, elimi- 
nating SrTiOs raised the dielectric 
constant to 1200, while the highly 
desirable flatness of the T-C curve 
was retained (Fig. 2). 

Next the oxides of nickel, 
chromium, manganese, cobalt, cop- 
per, vanadium were substituted for 
the Fe2Os (Fig. 3). The percent- 
age of ferric oxide was also varied. 
The copper and vanadium oxide 
additions did not flatten the curve. 
The manganese and chrome oxides 
altered the curve somewhat, but 


more en page 186 
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such as 


these metalworking drawing presses 


as shown on this metal bonding machine 


as seen 


on this rubber pad forming press 


as we designed and 


built for this briquetting press 


Clearing will have a more productive answer for you. In 
vestigating new processes and production techniques ? Callo 
Clearing. You'll find a forward looking team of engineers tha 
can work with you to solve your manufacturing problem 
effectively and economically. 


There are no limitations on the type and size of hydraulic press 
equipment Clearing can design and build for you. No limita- 
tions either on the creative engineering you'll find at Clearing. 
Working with ‘‘new” metals—titanium, tantalum, columbium, 
uranium, zirconium? 

Clearing, division of U. S. Industries, Inc. also manufacture 
power presses of all types, dies and special tooling, and special 

equipment for the aircraft and missiles industry. 


Wy 
CBSE Clearin 
A DIVISION OF U.S. INDUSTRIES, INC. 


Aircraft and Missiles Division * 6160 S. Boyle Ave., Los Angeles 58, California * Ludlow 5-2141 
Main Plant: 6499 W. 65th St, » Chicago 38, Illinois » PO7-8700 


Space Age Milestone! 


Final check of attitude stabilization control system for 


flight and re-entry control of ‘ 


Man’s flight into outer space drew nearer on 
September 11, 1959 with the successful re-entry 
of NASA's “Big Joe” test capsule controlled by 
a Honeywell Stabilization System 


The guidance system for this capsule, launched by an Atlas 
missile, was provided by Honeywell—and it was delivered 
in less than half the time usually required for projects of 
this scope. 

Rapid delivery was possible because the basic components 
necessary to accomplish this sensitive and exacting task were 
on-the-shelf or in production at Honeywell. How ever, TWO 
critical jobs remained to be done. One was the task of design- 
ing a package for these components which would be ragecd 
and exact enough to do the job; and the other was that of 
providing the ground support for system check-out and 
pre-launch monitoring. Both of these difficult objectives 
were completed in the time allowed. 

This electronic stabilization and control system is de- 
signed to provide a reference that permits measurement of 
the capsule’s attitude and rate of motion. By operating the 
on-off valves for the reaction control nozzles, it dampens any 
oscillatory tendencies of the capsule and eliminates the 
possibility of tumbling. 

The design and delivery of this system, the first of six 
such Honeywell systems for NASA Mercury capsule test 
shots, is in keeping with the ac- 
celerated man-in-space program 
and is typical of Honeywell’s abil- 
ity to meet both stringent require- 
ments and critical deadlines. 

This readiness for the space age 
stems both from Honeywell's es- 
tablished policy of supporting the 
national defense and from the 
company’s own historic areas of 
interest. For further information 
concerning Honeywell’s capability 
in space age projects, write Min- 
neapolis-Honeywell, Aeronautical 
Division, Dept. 671, 2600 Ridg- 


way Road, Minneapolis 13, Minn. 
“Big Joe’ test capsule 


is made by a Minneapolis-Honeywell technician prior 


to delivery, 


gas Ade 


SPACE/AERONAUTICS 


The Honeywell Big Joe” Control System assumes control 
at separation and immediately provides a three-axis 
attitude hold, rate-stabilized mode to maintain the sepa- 
tation attitude (0,). Approximately ten seconds later, it 
programs the capsule to a new attitude (6), and main- 


tains this attitude until 05g deceleration is sensed, in- 
dicating that re-entry is commencing. Upon sensing .05g 
deceleration, attitude hold shuts off, pitch and yaw rate 
stabilization are maintained, and the capsule is com- 


manded to spin at a 6°-per-second rate until deceler- 
ation increases to Sg. At this point control ceases. With 
attitude reference contro! deleted, the blunt end of the 
capsule slowly turns into the flight path due to its aero- 
dynamic static stability. The rate gyro control dampens 


any tendency to tumble, yet permits the capsule orien- 


tation to move as required to keep the heat-resistant 
blunt end leading. Pitch, roll and yaw attitude, as well as 
rate signals, are telemetered from takeoff to touchdown. 


ef = 
ere 
oad 
¢ 
t 05G DECELERATION 
&2 
3-AXIS ATTITUDE HOLD 
SEPARATE Ay RATE STABILIZATION 
UNTIL .05G DECELERATION 
3-AXIS 


ATTITUDE HOLD 
RATE STABILIZATION 
(APPROX. 10 SECONDS) 


RP & Y 
RATE & ATTITUDE 
TELEMETERED 


ATLAS 


LAUNCH 
(GYROS UNCAGED) 
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P & Y DAMPER 
FIXED SPIN RATE 


5 G DECELERATION 
PLUS TIME DELAY 
(RE-ENTRY) 


CONTROL OFF 
RP & Y 
RATE & ATTITUDE 
TELEMETERED 


Co 


VERTICAL AND ROLL 


Filing Systems 


FOR PLANS, PRINTS, 


(2.8 Me : gabe te BAe 


In only 24 lineal inches you can file up to 
1200 large sheets. Rack easily mounted on any 
wall at height determined by length of sheets. 


SPEED 
USE 


When plans are 
used by 2 or more 
people or depart- 
ments, the PLAN 
HOLD Rolling 
Stand is a great 
convenience. 

Glides on ball- 
bearing casters. 


Steel cabinets 
in modular sizes 
give extra pro- 
tection to valu- 
able plans. This 
Combo Cabinet 
is equipped with 
48 roll file tubes. 
Also available 
with vertical 
files for up to 
1200 sheets. 


PLAN HOLD equipment brings engineering 
efficiency to filing and use of all large sheets. 
Distributed nationally through engineering 
supply and office equipment dealers. Return 
coupon for illustrated catalog and prices. 


PLAN HOLD CORPORATION 
5204 Chakemco St., South Gate, Calif. 


Please send catalog No. 602 lam 
interested in vertical [] or roll files [. 


Your name 


Company 


Street__ 


City. Zone__State 
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, 


FIGURE 3: Effects 
of adding 0.5 per 


RIC CONSTANT (K>< 102) 


cent of various 
metallic oxides on 


DIELEC 


the dielectric con- 
stant of a compo- 


sition (by weight) 
of 95 per cent 
BaTiOs and five 


Sb Se ago NS a ra S 425 
TEMPERATURE (DEG C) 


per cent CaZrOz. 


4.45 +65 +85 


Ss 30 
= 20 
cB | 
aoe 
Oo 
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TEMPERATURE (DEG C) 
< 3 
= Aree 
te eee 7 alte eal 
S | = — — Se Se eS eee ee ee 
te 2% BaC03 re 
3 
Seige | | fee wes me ea) | 
55 35 =15 205 595 +45 =. 65 Meee 


TEMPERATURE (DEG C) 


EFFECTS of adding baria and titania to metal oxide titanate compositions 
of 95 per cent BaTiOs, five per cent CaZrOz, 0.4 per cent FesOs, 0.4 per 
cent NiO (top, fired at 1415 deg C) and 95 per cent BaTiOs, five per cent 
CaZrOz, one per cent NiO (bottom, fired at 1375 deg C). Both composi- 
tions are by weight and were soaked one hour. 


not significantly; they were also un- 
satisfactory because they produced 
high power factors. 

Cobalt oxide improved the power 
factor and flattened the T-C curve, 
but the most advantageous materi- 
als by far were the nickel and iron 
oxides. These provide low power 
factors, high K, and stable T-C be- 
havior. 

As you might expect, the most 
critical variable of these addition 
processes is the metallic-oxide con- 
tent. Iron and nickel oxides don’t 
seem to be effective in quantities 
of less than 0.3 per cent. On the 


other hand, amounts of over two 
per cent (particularly in the case 
of Fe2Os) yield undesirably high 
power factors. Generally, metallic 
oxides apparently don’t flatten the 
T-C curves appreciably if they are 
used in amounts of over two per 
cent. 

Iron and nickel oxides differ 
slightly in their flattening actions. 
At a given oxide percentage, iron 
oxide generally produces lower K 
values but flatter T-C curves and 
nickel oxide generally produces 
lower power factors. 


more on page 189 
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YOU GET MORE KNOW-HOW 
WHEN YOUR “SPECS” READ HYATT 


because HYATT has built millions more cylindrical roller bearings than 
anyone else for two thirds of a century. And every year for the last 67 
years we have learned to make them run longer, smoother, more reliably. 
Remember, no bearings carry radial loads like cylindrical bearings—and 
nobody knows them like HYATT. Hyatt Bearings Division, General 
Motors Corporation, Harrison, New Jersey. 


mm ROLLER BEARINGS S34 foil ms Ae at a tal SMO ld 5 5 
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There are 7,500 dots shown here. 


This is the number of engineers in the 
eight divisions of Martin. And 40 percent 
of these—the 8,000 dots in the circle— 


are electronics/electrical engineers. 


It is this specialized 


capability that enables. Martin to develop 
electronic systems which anticipate the 


exacting demands of the missile-space age. 


Example: A Martin electronic 


system known as Master Operations Control (MOC) 


has been a vital factor in the exceptional performance 


of TITAN. By automatically 


checking the hundreds of systems necessary 


to successful flight, 


MOC has removed much of the human error 


from complicated countdown procedures. 


MVE 24 FEN 7 IR 


The eight divisions of The Martin Company are 


Activation, Baltimore, Cocoa, 


Denver, Nuclear, Orlando, RIAS, and Space Flight. 
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Two Typical High-K Materials 
HMA 


A B 
Dielectric 
constant 6000 5000 
Maximum decrease 
in Capacity 
per cent (—55 
to 85 deg C) 80% 10% 


Composition (per- 
cent by weight) 80BaTiO3 89 BaTiO3 


10 SrTiO3 10 CaZrOg 
10 CaZrOg 1 MgZrog 


VACUO 


The sensitivity of the compound 
to metallic-oxide content empha- 
sizes the importance of taking ac- 
curate weights of the oxide addi- 
tions. Higher-K compounds with 
metallic-oxide additions of 0.3-0.7 
per cent (K2500-4500) demand 
extremely accurate control of the 
titanate lot, the firing conditions, 
and the metallic-oxide content. In 
the lower K-ranges (K700-2200)— 
with 0.7-2 per cent metallic oxide 
—the requirements are less strin- 
gent. 

Apparently, some volatilization 
occurs in the metallic oxide, as is 
indicated by stains on the firing 
plates. Metallic oxides, and nickel 
oxide in particular, greatly aid vit- 
rification without producing a 
strong fluxing action. Dense, non- 
porous pieces therefore can be 
produced over a wide range of fir- 
ing temperatures and intervals. A 
vitrification range of 75-100 deg C 
(corresponding to a 1325-1425-deg 
C firing temperature range) can be 
attained for some compounds, 
though 50 deg C is more common. 
Over this firing range, the dielectric 
constant progressively increases 
and the temperature curve be- 
comes steeper. 

Somewhat similar effects are ob- 
tained by lengthening the “soaking” 
period (the interval during which 
the material is at temperature). This 
procedure introduces additional 
variables, but their effect is offset 
by the three control parameters 
available with BaTiOs-CaZrOs 
formulations. A deviation in one 
factor (say, oxide content), is eas- 
ily compensated by changing one 
of the other factors. 

The sintering control is sensitive 
enough so that dense disks with 
good electrical properties can be 
stacked in tiers in the furnace with- 
out sticking or interaction.—End 
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WITH ONLY MINUTES TO ACT 


If America should be attacked ... from 
bases around the world Strategic Air Com- 
mand bombers, tankers and surface-to- 
surface missiles will rise to action. Minutes 
only will be available. 


To integrate and control this assault re- 
quires accessibility and handling of a 
staggering volume of data. In the missile 
era, present methods of gathering and 
processing data will be inadequate. SAC is 
automating the system. 


As systems manager, International Elec- 
tric Corporation is developing and will 
turn over to SAC a world-wide electronic 


INTERNATIONAL ELECTRIC CORPORATION 
An Associate of International Telephone and Telegraph Corporation 


Route 17 & Garden State Parkway, Paramus, New Jersey 


combat control system, an integrated com- 
plex of electronic subsystems. The system, 
employing digital techniques and equip- 
ment, will transmit, process and display 
information on a global basis . . . with 
only seconds involved. 


Engineers whose interests lie in systems 
engineering, data processing and commun- 
ications will find in this long-term project 
exceptional opportunity to exercise crea- 
tive competence and individual initiative. 
For details of engineering assignments 
write B. J. Crawford, Director of Techni- 


cal Staffing. 
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FIGURE 1: Spread of typical transistor characteristics curves statistically relate the transistor performance to 


(for 2N43A common-emitter units) at 25 and 50 deg C the circuit performance in a typical probability distribu- 
ambient. The distribution patterns to the left of the tion. 


MM 


Designing transistor circuits 


with statistical techniques 


Designing transistorized equipment to military specs often is mediate agen of os 

“ - aida ance on the other. Instead, the ex- 

a frustrating job—mainly because of factors such as variability pected period of satisfactory oper- 

among units of a lot and spread of characteristics. Many of ation decreases gradually as the 
istical tating is exceeded. 

these problems can be overcome by the use of statist TEACH Patnee eae 

design techniques. ually is set to insure acceptable per- 


formance under the specified life- 

test conditions. These, however, are 

by James R. McDermott, Consulting Engineer not necessarily closely related to 

field use. Specs for use under-ab- 

; normal conditions, as during flight 

M ILITARY specs for transistors variation, change in ambient tem-  jnto upper radiation areas, may be 
use the “absolute maximum” sys- perature, variation in resistors OF Jacking. In this case, other recent 

tem of ratings: Rated values must other connected parts, equipment gata. such as are given in the Table, 
not be exceeded under any speci- adjustment, or any combination of Gan be used. es 
fied condition of supply-voltage these conditions. Important considerations ©* aré” 
Although ratings are specified by sometimes overlooked in the use of 

single-values “min-max” limits, transistors in military equipment: 


“This article is a condensation of parts 


of “Transistor A pices pisos id these are not absolute barriers, with e Mil-STD-701 calls for equip- 
esearc . 

Bore a? and | Published PY eT "vasbington, continuing indefinitely satisfactory ment to be designed to meet per- 

from where cnpies of the Manual may performance on one side and im- more on page 193 


ia Seiad at $1.50 each. 
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ANNOUNCING A NEW DEVELOPMENT 
BY BENDIX 


TEMP. 
123456789 - 


EMPERATURE 


FOR TURBINE ENGINES 


Provides a continuous condensed display of turbine 


th 


A landmark in engine instrumentation progress is the Bendix* 


Temperature-Vibration Monitor which simultaneously displays 
the findings of 40 temperature and 8 vibration sensors strategi- 
cally located on all 4 engines of a turbine powered aircraft. This 
data is presented on the flight deck of the aircraft in bar graph 
form so that it can be continuously monitored and easily read. 

The average displacement of 8 vibration pickups is displayed 
continuously on the lower cathode ray tube with the top of the 
bar graph indicating vibration displacement on the grid scale. 
This continuous monitoring of vibration immediately indicates 
excessive unbalance on the jet engine. 

The temperature analysis normally associated with the exhaust 
gas thermocouples will locate faulty burners, bad combustion 
distribution and plugged nozzles or any unusual hot or cold 


engine vibration and temperature conditions 


conditions around the turbine engine exhaust. The temperature 
display in the “all” position presents maximum and minimum 
temperatures on the upper cathode ray tube continuously for 
the four engines as reference to a temperature datum set in by 
the operator. The individual engine temperatures can be 
displayed as 10 bar graphs whose deflection can be read on the 
tube scale as deflections above or below the temperature datum, 
and individual degrees may be accurately and easily read from 
the digital read-out dial. 

The equipment, initially developed for BOAG, is applicable 
to all airline and military turbine powered aircraft. The equip- 
ment for the four engine installation is approximately 30 lbs. 
and includes the Temperature-Vibration Monitor pictured above 
and a remotely mounted 14 ATR short box. 


*TRADEMARK 


2 


TEMP 3 TEMP 


Vibration indication for four engines with front 
ond rear pickups on each. Height of display 
indicates total vibration displacement. 


Scintilla Division 


SIDNEY, NEW YORK 


Write in No. 


Temperaiure “all” display indicating maximum 
and minimum temperatures above and below 
temperature datum for four engines. 


Temperature for single engine indicates all 
thermocouples indicating temperature above or 
below temperature datum reference. 


“Condi 


AVIATION CORPORATION 
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TRANSISTOR CIRCUITS ... 


Gee A=2 
a B=5 
03 
9.2 
0.1 

ie ee Rely ORE ae 


UNIFORM. 


A=0 
m= 0.46 
o==10 
eae ear Se ee 
l 2 3 4 5 6 7 
LOGARITHMICO-NORMAL 


1 
SPECIAL BINOMINAL 


FIGURE 2: Probability distributions for three types of continuous distribu- 
tions and an ‘‘attribute,’’ or discrete, distribution (bottom right). In the 
discrete distribution, the units in the lot either have the attribute (line at 
X= 1) or do not have it (line at X =O). The two curves at the top are 


product distribution curves. 


formance requirements when stock- 
ed with transistors from lots whose 
electric characteristics are within 
spec limits and distributed in a 
typical manner. 

e Installed transistors must not 
be replaced with other transistors 
of the same type to improve equip- 
ment performance unless those re- 
placed do not meet the applicable 
military spec. 

e Transistors should not be in- 
spection-tested after receipt from 
the manufacturer, except to deter- 
mine conformance of lot quality 
with military specs or to get circuit 
design information. 

Transistor specs describe charac- 
teristics in terms of “attributes”, 
or min-max limits, that cannot be 
used directly to find the spread of 
transistor characteristic variations. 
Nor can they be used to relate these 
variations to the expected variation 
in overall circuit output. However, 
statistical methods can be used to 
determine the distributions that 
transistor characteristics can take as 
related to transistor and part toler- 
ances, 

Circuit operation can be de- 
scribed in mathematical terms by 
assigning values to “essential” and 
“detrimental” transistor character- 
istics. Essential characteristics de- 
scribe normal operation, such as 
base current, emiter current gain, 
and similar ratings. Examples of 
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detrimental characteristics are col- 
lector cutoff current (Igo) and noise 
factor (NF). Unlike the “essen- 
tials,” they have no specified range 
of values; instead, they have a single 
specification limit on magnitude or 
frequency of occurrence. 

Some “detrimentals” are present 
throughout the transistor’s _ life; 
others show up as equipment breaks 
down because of aging. Both es- 
sential and detrimental character- 
istics must be evaluated on the basis 
of initial values and of the changes 
occurring wiih time. 

When the transistors of a group 
are measured and sorted, the vari- 
ations usually take the form of a 
probability distribution (Fig. 1). 
They may be sorted into items with 
values above or below a given value 
or into more groups than these two. 
As measurements and groups in- 
crease in number, the step-like 
pattern of distribution becomes 
smoother and more clearly defined. 

The pattern eventually approach- 
es that of a theoretical continuous- 
probability distribution. Most of 
the time, the distribution approxi- 
mates a normal curve; occasionally, 
an abnormal curve results. What- 
ever the shape of the distribution 
curve, the pattern will be well de- 
fined if the test conditions are ap- 
proximately constant. 

Figure 2 shows some of the 

more on page 195 
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BUILDING BLOCKS 
FROM KEARFOTT | 


Data Logging 


Kearfott’s broad line of 
test equipment includes the 
Scanalog 200-Scan Alarm 
Logging System which 
monitors, logs and per- 
forms an alarm function of 
up to 200 separate temper- 
ature, pressure, liquid level 
or flow transmitters. This 
precise data handling sys- 
tem is equipped with man- 
ual controls for scanning 
rates, automatic or manual 
logging, data input relat- 
ing to operator, time, day, 
run number and type of 
run. 200 numbered lights 
correspond to specific 
points being maintained 
and provide a visual “off 
normal” display for opera- 
tor’s warning. System can 
be expanded to 1024 points 
capacity and 2000 points 
per second scanning rate. 


Write for complete data., 


A 


GENERAL 
PRECISION 
COMPANY 


KEARFOTT COMPANY, INC., LITTLE FALLS, 4. 
A subsidiary of General Precision Equipment Corporation 
Sales and Engineering Offices: 1500 Main Ave., Clifton, N. J. 

Midwest Office: 23 W. Calendar Ave., La Grange, Ill. 
South Central Office: 6211 Denton Drive, Dallas, Texas 
West Coast Office: 253 N. Vinedo Avenue, Pasadena, Callf. 


Write in No. 118 on Reader Service Card 
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“Dependability is 
a Watchword at Lockheed” 


World’s speed, altitude and 
time-to-climb champion, the 
sleek F-104 Starfighter, is an 
outstanding achievement in 

performance and dependability. 


This spectacular new plane 

scorches the sky in 1500 m.p.h. 

bursts of speed. It climbs to the very 
fringe of earth’s atmosphere in minutes! 


Soundly designed, and 

utilizing the finest of quality products 
throughout vital systems, the F-104 

is giving many hours of trouble-free service — 
thanks to Lockheed’s devotion to dependability. 


= 


Aeroquip 601 Hose Lines 
with “tittle gem’? Re- 
usable Fittings for the fuel 
system. 


High performance 666 and 
677 Hose of Teflon with 
patented* ““super gem’? 
Reusable Fittings for the 
hydraulic system. ° 


REG, TRADEMARK 


GREAT BRITAIN 


for Flexible Hose Lines, Industrial and Aircraft Applications 
SUPER OIL SEALS & GASKETS, LTD., Birmingham Factory Centre, 
Kings Norton, Birmingham, England 


for Self-Sealing Couplings, Marman Products and Load Control Equipment 
KING AIRCRAFT CORPORATION, Fifth St., Montrose Ave., 
Hillington, Glasgow, S.W. 2, Scotland 
FRANCE 


TEcALEmil; Boite Postale No. 11, Paris 13e, France 


AEROQUIP PRODUCTS ARE USED BY LOCKHEED ON THE F-104 


Quick-Disconnect, Self- 
Sealing Couplings for the 
hydraulic system. 


Marman Clamps, Couplings 
and Joints used in many 
applications on the F-104, 


eroquip 


GERMANY 
AEROQUIP G.m.b.H., Baden-Baden, Germany 


JAPAN 
THE YOKOHAMA RUBBER CO., LTD., Otemachi Bldg., 4, 1-chome, 
Otemachi, Chiyoda-ku, Tokyo, Japan 


CANADA 
AEROQUIP (CANADA) LTD., Toronto 19, Ontario 


U.S.A. 
AEROQUIP CORPORATION, Jackson, Michigan; 


Western Division, Burbank, Cal., Marman Division, Los Angeles, Cal. 


“sumer gem” ond ‘little meme? ore Aeroquip Trademarks, *U.S, Potent No’s., 2,833,567 and 2,731,279 
Write in No, 119 on Reader Service Card at start of Product Preview Section 
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TRANSISTOR CIRCUITS ... 


FIGURE 3: Normal 
distribution for three 


populations with dif- 


10 20 40 


PERCENTAGE OF POPULATION 


Oper oe 7S L00 125150 
CURRENT GAIN (hfe) 


FIGURE 4: Production distributions 
of an NPN germanium transistor 
showing four spec limits based on 
a 2:1 he ratio in each group 
(AqBy.C, D): 


forms that the probability distribu- 
tions may take. The normal, loga- 
rithmico-normal, and uniform pat- 
terns are curves for continuously 
variable characteristics. The fourth 
pattern is that for a discrete vari- 
able, or an attribute that the units 
in the lot either have or do not 
have. 

For example, current gain is a 
continuously variable characteristic 
and can have a wide range of 
values. However, it can aiso be 
considered as a discrete variable, 
for sorting transistors On a yes-O!- 
no basis—transistors whose current 
gain falls within a prescribed rang 
are considered good, those with 
current gains outside the range are 
considered defective. 

Other properties of transistors 
intrinsically may be “attributes” 
since they either do, or do not, 
exist. For example, either there is 
or there is not a base connection. 
These attributes are measured in 
terms of probability of occurrence 
in a population, which is the total 
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ferent parameter 
values. 


number in the group under statis- 
tical examination. 

A population may be defined 
mathematically by the formula for 
its particular type of probability 
distribution. For example, the 
formula for the normal distribution 
shown in Figure 2 is: 

(1) f(x) =1/er/2ne — (x — M)2/2o, 
where f(x) is the probability that all 
measurements will have the value x 
and M and o are parameters or 
fixed constants of the population. 
For a normal distribution, M is the 
average of the expected value of the 
random variable x and indicates the 
location of the center of population. 
The standard deviation (co) is a 
measure of the variation, or spread, 
of all the values throughout the 
entire distribution. 

Different populations with the 
same type of distribution curve 
may have different parameter 
values. Figure 3 shows normal 
distributions for such populations. 


Statistical description 
of populations 


A group of transistors identical 
in all respects would be completely 
described by the values for one 
transistor. Populations of interest 
in electronic circuit design must be 
described in terms of a type of dis- 
tribution and of specific parameter 
values for that distribution. When 
the parameter values are known, 
the expected percentage of the 
population having values outside 
specified limits can be easily found 
by statistical methods. 

In the inspection and testing a 
group of transistors—for accept- 
ance or any other purpose—the 
population of interest may be the 
entire lot or a portion of the lot 
that is associated with a specific 
characteristic. When a lot is de- 
fined in terms of production units— 


more on page 197 
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BUILDING BLOCKS 
FROM KEARFOTT 


Electrohydraulic 
Servo Valve 


Kearfott’s unique approach 
to electrohydraulic feed- 
back amplification design 
has resulted in a high- 
performance miniature 
servo valve with just two 
moving parts. Ideally 
suited to missile, aircraft 
and industrial applications, 
these anti-clogging, 
2-stage, 4-way selector 
valves provide high fre- 
quency response and 
proved reliability even 
with highly contaminated 
fluids and under conditions 
of extreme temperature, 


TYPICAL 
CHARACTERISTICS 


Quiescent Flow 
Hysteresis ...3% of rated current 


Frequency Response 
3 db @ 100 cps 


Supply pressure....500 to 3000 psi 
Temperature-Fluid & Ambient 

— 65°F to +275°F 

Flow Rate Range .... .3 to 10 gpm 

10.5 ounces 


Write for complete data. 


A 
GENERAL 


PRECISION 
COMPANY 


KEARFOTT COMPANY, INC., LITTLE FALLS, N. J. 
A subsidiary of General Precision Equipment Corporation 


Sales and Engineering Offices: 1500 Main Ave., Clifton, N. J. 
Midwest Office: 23 W. Calendar Ave., La Grange, III. 
South Central Office: 6211 Denton Drive, Dallas, Texos 

West Coast Office: 253 N. Vinedo Avenue, Pasadena, Calif. 


Write in No, 120 on Reader Service Card 
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New Fafnir AW-AK Bearings cc New Fafnir M-Series Bearings New Fafnir GDSRP Bearings 
These new airframe control bearings x \ Bearings in Fafnir's new M-Series— 
are designed for low torque ‘ the first special precision series 
operation at temperatures In the ‘ \ made for aircraft control systems 
500° F range. The bearings are ‘ —are held to closer tolerances 
made of heat-stabilized 440C : ‘ q to reduce play and backlash and 
stainless steel, and equipped 4 ON increase sensitivity in power 
with Teflon fabric seals. NS control systems. 


This new series offers most capacity 
for weight and size. Dimensionally 
interchangeable with the OSRP series, 
GDSRP bearings are relubricatable, 
feature weight-saving balanced 
design, removable Plya-Seals, 
and self-alignment. 


Here are three new Fafnir bearings for advanced- bearings job-built for the jet-age, Fafnir continues 


“first at the turning points” as new designs pose new 
bearing problems. Write for engineering data. 


design aircraft. Engineered to meet new, more 
critical requirements, they are the latest in a long 
succession of Fafnir contributions in the aircraft 
field, Through development of these and other 


THE FAFNIR BEARING COMPANY, NEW BRITAIN, CONN, 
Write in No. 121 on Reader Service Card at start of Product Preview Section 
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FAFNIR AIRCRAFT BEARINGS. 


a 


TRANSISTOR CIRCUITS 


CIRCUIT OUTPUT (y) 
CIRCUIT OUTPUT (y) 


BSS REGRESSION LINE 


y == ax + b) 


PART CHARACTERISTIC (x) 


Re 
2000 OHMS =+=10% 


Ri R3 
1000 OHMS 10% 3000 OHMS 10% 


FIGURE 6: Series-type circuit to 
which statistical treatment of the 
sum (or difference) of part toler- 
ances can be applied. 


e.g., 1000 transistors or a week’s 
production—it is designated as a 
“production lot.” 

In acceptance testing, the vari- 
ation of a single characteristic over 
a long production period can be 
plotted in terms of a “product dis- 
tribution curve”, which shows the 
variations in individual lots (Fig. 2). 

Often, several types of transistors 
are selected from a _ production 
yield. For example, Figure 4 shows 
how four types of transistors are 
chosen. The transistors are sorted 
so that the maximum current gain 
(h;,.) for each type is twice the 
minimum value. 

Electronic-parts users often run 
special tests to select the parts: with 
the highest probability of long life. 
Experience shows that such selec- 
tivity create more problems than it 
solves. It should therefore be care- 
fuly evaluated in terms of its ob- 
jective, effectiveness, and cost be- 
fore it is accepted as standard 
practice. 

When transistors or other parts 
are to be selected for narrow toler- 
ances, you must determine the 
effect that possible drift of elec- 
trical properties with time would 
have on equipment performance 
and reliability. Whether or not 
spare parts selected to the same 
tolerances will be available for field 
maintenance is also important. 

Where reliability selection tests 
are run, you should find out before- 
hand just how much reliability you 
need. Also, before you decide on 
100 per cent inspection, check 
whether there isn’t a cheaper lot- 
sampling plan that would also 
provide an acceptable level of con- 
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PART CHARACTERISTIC (x) 


FIGURE 5: Application 
of statistical tech- 
niques in circuit de- 
sign is shown by scat- 
ter plots with high cor- 
relation between part 
characteristic and cir- 
cuit output (top) and 
with no such correla- 
tion (bottom). 


je DEY 216% 3 Eo 


N=(4 SEC: 1 PRI) +5% 


FIGURE 7: Type of circuit to which 
statistical treatment of the product 
(or quotient) of part tolerances can 
be applied. 


fidence. Finally, consider the prob- 
ability that added handling and 
other test-imposed stresses will ag- 
gravate incipient weaknesses in the 
transistors. 

In transistor circuit design, the 
semiconductor characteristics must 
be considered in terms of both 
initial values and the change of 
values with time. This spread in 
performance of a simple circuit can 
be determined by computing it in 
terms of upper and lower limits of 
the transistor characteristics. 

When the circuit becomes com- 
plex or the number of related 
characteristics increases, the prob- 
ability that all characteristics have 
either all minimum or all maximum 
values is negligible. Under these 
circumstances, circuit performance 
can be related to transistor char- 
acteristics by statistical techniques. 

The effect of part tolerances on 
circuit output can be found statisti- 
cally, if the relationship between 
circuit function (y) and part char- 
acteristic (x) is known. If this re- 
lationship isn’t known, it can be 
approximated by the _ statistical 
technique of linear regression. 

Let us assume a circuit function 
(y) bears a linear relationship to 
a part characteristic (x). It is de- 
fined as: 

(2) y=f(x) =ax+b. 


The circuit output is measured 
when parts with known character- 
istics are connected. If enough 
randomly selected parts (x) are 
chosen—say, 30—the range of 
values x can have with the circuit 
output still remaining within toler- 


more on next page 
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BUILDING BLOCKS 
FROM KEARFOTT 


Floated Rate 
Integrating Gyros 


Specifically designed for 
missile applications, these 
Kearfott miniature gyros 
operate efficiently at 
unlimited altitudes. Their 
outstanding accuracy and 
performance make them su- 
perior to any comparably- 
sized units on the market. 
Hermetically sealed within 
a thermal jacket, these gy- 
ros are ruggedly designed 
and completely adaptable 
to production methods. Per- 
formance characteristics 
that are even more precise 
can be provided within the 
same dimensions, 


TYPICAL 
CHARACTERISTICS 


Mass Unbalance: 
Along input Axis: 1.0°/ hr 
maximum untrimmed 
Standard Deviation (short term): 
Azimuth Position: 0.05°/hr 
Vertical Position: 0.03°/hr 
Drift Rate Due to Anisoelasticity 
Steady Acceleration: 
.015°/hr./g? maximum 
Vibratory Acceleration: 
.008°/hr./g?_ maximum 
Damping: 
Ratio of input angle to 
output angle is 0.2 
Characteristic Time: 
.0035 seconds or less 
Weight: 0.7 Ibs. 
Warm-Up Time: 
10 minutes from —60°F 
Life: 1000 hours minimum 


A 
GENERAL 


PRECISION 
COMPANY 


KEARFOTT COMPANY, INC., LITTLE FALLS, WN. J. 


A subsidiary of General Precision Equipment Corporation 
Sales and Engineering Offices: 1500 Main Ave., Clifton, N. J. 


Midwest Office: 23 W. Calendar Ave., La Grange, lil 
South Central Office: 6211 Denton Drive, Dallas, Texas 
West Coast Office: 253 N. Vinedo Avenue, Pasadena, Calif 


Write in No. 122 on Reader Service Ca 
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TRANSISTOR CIRCUITS... 


ance limits can be found from a 
scatter plot of this relationship. 
Figure 5 shows two such plots, one 
with a high degree of correlation 
between x and y and one with no 
correlation. 

When part tolerances are small 
compared with the nominal char- 
acteristic values and do not depend 
on one another (or interact) or 
when parts are randomly selected, 
the circuit characteristic values will 
be normally distributed. In this 


case, most circuits can be repre- 
sented by an analytical expression 


relating circuit performance to part 
characteristics. 

When the expression has the 
form: 
(3) SII ACHy Coy oc aoa oa 
where y is the circuit characteristic 
and x the part characteristic, a 
realistic set of limits within which 
circuit performance will lie can be 
obtained from: 
(4) 0,2 =(dy/dx1)2ox1? + (Ay/Ax2)?0x2? + 

2. £(0y/OXn)2o%n?, 

where o is the standard deviation. 
The standard deviation of circuit 
performance is obtained by sub- 


es Gi 


Missile Tray Made by B & 
Beats Target Weight by 300 Ibs. 


Air transported missiles require minimum weight handling equipment so that 
important defense weapons can be moved efficiently and on schedule. Recently, 
Brooks & Perkins was given the responsibility for engineering, designing, building 
the prototype and manufacturing an aluminum missile tray, shown below. 


Unusual loading problems and the extreme importance of deflection required 
a dimensional tolerance of + 1” in the 33-foot over-all length at 68°F. B & P 


not only met all tolerance requirements, but also reduced the initial target weight 
by 300 lbs. 


The aluminum missile tray is another example of Brooks & Perkins skill and 
experience in the fabrication of light metal products for ground support equipment. 


For more information and details of this and other GSE programs, write direct 
to Brooks & Perkins, Detroit. 
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BROOKS &PERKINS, Inc. 
1952 W, FORT ST. DETROIT 16, MICH. 


Offices in Washington and New York 


Write in No. 123 on Reader Service Card at start of Product Preview Section 
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—B NOMINAL VALUE +B 


FIGURE 8: Rectangular distribution. 


stituting nominal values of part 
characteristics in this equation. 

Statistical treatment of tolerances 
yields useful equations, for ex- 
ample, one defining the sum of 
tolerances: 

(5) y =o xe . 1 Xn: 
Computing the standard deviation 
of y by use of Equation 4 we get: 
(Bo Gy =Gai one 6 Can 
Tolerances of sums, as for the series 
circuit in Figure 6, can be com- 
bined if the tolerances (t) contain 
the same number of sigmas: 

(7) ty=Acy, bey =Aon, sey ban 
Where A denotes the same number 
of sigmas. In this case: 

(8) by? = beat tae oe tbe 

In the example shown in Figure 
6, the resistor values are normally 
distributed and the tolerances are 
the limits of the three-sigma dis- 
tribution. The sum of nominal 
resistance is: 

(9) Ri=Ri+R2+R; = 3000+ 2000+ 
1000 = 6000 ohms, 
and distribution of the sum is: 
(10) tr? =tr?+tR?+tr:? = 3800? + 
200? +- 100, tr1=3874 ohms. 
The nominal value and the three- 
sigma distribution limits of this sum 
are: 6000 ohms + 6.2 per cent. 
Note that, for series tolerances, the 
square root of the sum of the 
sum of the squares refers to actual 
distribution values and not to per- 
centages of the nominal value. 
Tolerances of differences, or of sum 
and differences, can be similarly 
combined. 

In certain types of circuits, like 
the transformer in Figure 7, the 
output is some multiple (or sub- 
multiple) of the input. The input 
voltage has a tolerance of + 15 per 
cent. It is stepped up by a primary- 
to-secondary ratio of 4; the ratio 
tolerance is + 5 per cent. Conse- 
quently, the tolerances for this cir- 
cuit must be determined as the 
product (or quotient) of individual 
tolerances. In this case, the basic 
analytical expression is: 

(11) WV Xi Kas ee On: ‘ 

Applying the technique devel- 
oped in Equations 5 & 6, we get: 

more on page 200 


SPACE/AERQNAUTICS 


=Adgzn, 


BASIC 


BUILDING BLOCKS 


FROM KEARFOTT 


Analog- 
to-Digital 
Converters 


Kearfott’s rugged shaft 
position-to-digital convert- 
ers are resistant to high 
shock and vibration and 
high and low temperature 
environments. Ideally 
suited for missile applica- 
tions, these converters are 
available for many uses, 
including latitude, longi- 
tude, azimuth or con- 
ventional angular shaft 
displacement conversion 
and decimal count conver- 
sion. Exclusive drum 
design provides large con- 
version capacity in smallest 
size. Combination counter 
converter assemblies for 
both visual and electrical 
readout also available. 


TYPICAL 
CHARACTERISTICS 


Kearfott Unit No. ...... P1241-11A 
Cyclic Binary 
0-32,768 (2'°) 
Bits per Revolution 
Revolutions for Total Range 
2,048 
Volts:D:Gs es eee 10.5 
Currenti(ma:) tae. 20 
Inertia (gm. cm.?) .. 
Unit Diameter (in.) ....2.000....... 1 Xs 
Unitilkensthi(in:) = 222s... 
Life 10° Revolutions or 16° ne 
Static Torque (in.-oz.) .. 2 (break) 
1 (running) 
WEIRNTS(02:) eee tenet eee 5 
Maximum Speed (RPM) 600 


Write for new ADAC 
brochure. 
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BUILDING BLOCKS 


FROM KEARFOTT 


20 Second 
Synchro 


This synchro, just one of a 
broad line offered by 
Kearfott, provides the 
extreme accuracy required 
in today’s data trans- 
mission systems. Kearfott 
synchro resolvers enable 
system designers to achieve 
unusual accuracy without 
the need for 2-speed servos 
and elaborate electronics. 
By proper impedance 
matches,up to 64 resolver 
control transformers can 
also operate from one 
resolver transmitter. 


TYPICAL 
CHARACTERISTICS SIZE 25 
Control 
Type Resolver Transmitter Transformer 
Part Number Z5161-001 25151-003 


Excit. Volts 
(Max.) 115 90 


Frequency (cps) 400 400 
Primary Imped. 400/80°  8500/80° 
Secondary Imped. 260/80° 14000/80° 
Transform. Ratio .7826 1.278 
Max. Error fr. E.Z. 20 seconds 20 seconds 
Primary Rotor Stator 


Write for complete data. 
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FROM KEARFOTT 


Integrating 
Tachometers 


Kearfott integrating ta- 
chometers, special types of 
rate generators, are almost 
invariably provided inte- 
grally coupled to a motor. 
They feature tachometer 
generators of high output- 
to-null ratio and are tem- 
perature stabilized or 
compensated for highest 
accuracy integration and 
rate computation. Linear- 
ity of these compact, light- 
weight tachometers ranges 
as low as .01% and is usu- 
ally better than + .1%. 


TYPICAL 
CHARACTERISTICS 


Size 11 
(R860) 


Excitation Voltage (400 cps) 115 
Volts at 0 rpm (RMS) .......... .020 
Volts at 1000 rpm (RMS) .... 2.75 
Phase shift at 3600 rpm... 0° 
Linearity at 0-3600 rpm .... .07 


Operating Temperature 
— 54° 1252 


Write for complete data. 


A 
| GENERAL 
Miniature Electrohydraulic Scanalog Ke rfi 
Floated Servo Valve 200-Scan : earjott PRECISION 
Gyro Alarm Logging ~™ COMPANY 


System 


KEARFOTT COMPANY, INC., LITTLE FALLS, N. J. 


A subsidiary of General Precision Equipment Corporation 


Sales and Engineering Offices: 1500 Main Ave., Clifton, N. J 


* ola ~ : , 1t1 1 Midwest Office: 23 W. Calendar Ave., La Grange, III 
Engineers: Kearfott offers challenging opportunities in Sapihi Central Ollice: 6211. Denton: DllvesDellasre he xeeentt 
West Coast Office: 253 N. Vinedo Avenue, Pasadena, Calif 


advanced component and system development. 


Write in No. 124 on Reader Service Card at start of Product Preview Section 
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POWER SUPPLIES 


design engineering 
... operational 


... off-the-shelf 


NEW POWER 
SUPPLIES FOR 


guidance 
flight control 


fire control and 
airborne computers 


VCO’s and SCO’s 


rf amplifiers 
and transmitters 


precision reference- 
voltage sources 


missile checkout 
radar systems 


An Arnoux power supply 
going into a canister 
for the Atlas propellant 
utilization system: 


Arnoux’s fast moving 
story... What's New 
in power supplies 


Arnoux has consistently proved its versatility and 
reliability in providing either a few prototypes or 
thousands of power supplies— quality in quantity. 

In fact, wherever reliability and design integrity are 
taken for granted, there you'll find Arnoux power 
supplies, static converters, and inverters. 

For airborne applications and for GSE, Arnoux 
power supplies have these outstanding features: preci- 
sion regulation...temperature stability ...low ripple... 
tight packaging... light weight... and they meet, exceed, 
or are qualified under specification MIL-E-5272A. 

For highly precise, static and dynamic regulation 
of line and load changes when accuracy is vital, Arnoux 
power supplies provide a wide range of output voltage 
and current. Depending on specific models, this range 


is from 5 to 500 vde and from 30 ma to 15 amperes. 
Bulletin 102. 


Arnoux Corporation 


11924 W. Washington Blvd. + Los Angeles 66, California 


phonetically, say Are’new 


Write m No. 125 on Reader Service Card at start of Product Preview Section 
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TRANSISTOR CIRCUITS . . 


Susceptibility of Semiconduc- 
tor Devices to Permanent 
Radiation Damage 
WW} ””””?Fbh5l®l™lhle 


Integrated Neutron and 
Gamma Flux Causing Per- 


Transistor Class | manent Damage (NVT) 


ick Base 
acs 5x1010—1012 
Germanium 1014—5x1012 

ium Base 

icon 0115x1012 
Germanium 5x1011—1018 
Thin Base 
Silicon 1012—2x]013 
Germanium 1018—5x]014 


MT 


(12) oy? = (aK . . . %n)®o 1? (Or - 
Xn)2o20?+ altate + (x1%2 ots Bn si) Oman 
Dividing this expression by y 

gives: 

(18) (oy/¥)? = (21/21)? + (o22/x2+ « 

+ (ox2n/ Xn)? ° 
Tolerances of products (T) can 

be combined directly if they con- 

tain the same number of sigmas 
and are expressed as percentages. 

If: 

(14) T, =A (o,/y)100, Tx =A (on /%1) 

1002 en = Aen en) LOG: 

a basic equation for products can 

be written as: 

(16) Te=Tte TS ere 
For products, the square root of 

the sum of the squares refers to 

tolerances expressed as percentages 
rather than as actual values. 

For the circuit in Figure 7 nom- 
inal output voltage is: 

(16) E,=NE;=4X110=440 V. 

The distribution of voltage may 
be expressed as: 

(17) Teo? =Tw?+Tr? =8 + 18, 

Tro =165.8 fer cent. 

The limits on output voltage are 
440+15.8 per cent, or 440+69.5V. 

When a special parts selection is. 

made, as on the basis of narrow 
tolerance limits from a production 
group with wide limits, the values 
of parts characteristics will not be 
normally distributed. Statistical 
techniques for analyzing distribu- 
tions that deviate somewhat from 
the normal are relatively complex. 
However, when the distribution is 
rectangular (Fig. 8), the standard 
deviation of the part value to be 
used in the general expression for 
determining the standard deviation 
of circuit characteristics should be 
computed from: 


(18) o=B/V3, 


where B is the limit shown in Fig- 
ure 8.—End 
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Here's how Handy Clamp and Jack Set 
clamps down on machining costs... 


JACKS UP PRODUCT PERFORMANCE 


USS National Seamless Mechanical Tubing helps one 
of our customers* do both. By using Mechanical Tub- 
ing in their clamp and jack sets, our customer finds it 
unnecessary to machine the ID before threading the 
ends; that painting requires no special preparation, 
and that, compared to bar stock, tubing is lighter to 
handle and ship. Three different sizes of sets are of- 
fered: 1” diameter, 1144” diameter and 134” diameter, 
all with 549-inch wall. 

USS National Seamless Tubing helps cut processing 
costs because it eliminates drilling operations. It 
enables you to replace drills with simple, less expensive 
boring tools. And, it reduces tool wear and tool changes. 


USS National Seamless Tubing gives you a superior 
cross section for a part that is designed to withstand 
equal loading in any direction. It resists bending 
stresses. It absorbs and localizes shock. And in torsion, 
it provides a better material distribution, and fora given 
weight, can withstand more load than other sections. 


There’s a National Tube Distributor located near 
you. He’s expertly trained in solving all types of tub- 
ing problems. So, if you’d like to learn how USS Na- 
tional Seamless Steel Mechanical Tubing can be ap- 


plied to your designs, see him . . . soon! 
USS and National are registered trademarks 


*Customer’s nume supplied on request. 


The world's largest and most experienced manufacturer 
of tubular products 


National Tube 
Division of 
United States Steel 


Columblia-Geneva Steel Division, San Francisco, Pacific Coast Distributors 
United States Steel Supply Division « United States Steol Export Company, New York 


Write in No. 126 on Reader Service Card at start of Product Preview Section 
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Threading the needle 
with a POLARIS missile 
using Westinghouse 
Load-0-Matic controls 


Easing POLARIS missiles from a tender into the launching silo of an atomic 
submarine takes a handling system that combines ruggedness with extreme 
maneuverability and safe, sure, precision control—control so sensitive that 
the POLARIS seems to float in the air as it swings smoothly and gently into 
position in the submarine. 


Westinghouse Load-O-Matic* crane control system was selected by 
Skagit Steel and Iron Works! for this exacting and delicate handling opera- 
tion because of its unerring vernier precision performance.:The combination 
of hoist, bridge and trolley controls operating with almost microscopic ac- 
curacy nullifies the pendulum-like swaying of the load. These positive, step- 
less speed controls provide movements at less than one foot per minute, yet 
will accelerate smoothly up to two feet per second. 


The exclusive Westinghouse features which permit such precision also 
provide maximum reliability and minimum maintenance. Static controllers, 
saturable reactors and magnetic amplifiers provide stepless control and 
eliminate moving parts, mechanical relays and switches which corrode, wear 
out and require frequent maintenance. The marine-insulated a-c wound 
rotor motor adds additional reliability and further reduces maintenance. 


Whatever your requirements for missile handling equipment—drive sys- 
tems for launchers, erectors, shelters, loaders, or shockproof equipment for 
hardened sites—take advantage of the Westinghouse engineering knowledge, 
experience, range of products and unit responsibility for any type of electro- 
mechanical system. Contact your Westinghouse sales engineer or write: 
Westinghouse Electric Corporation, 3 Gateway Center, Pittsburgh 30, Pa. 


G 
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') 
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»* * * 


you CAN BE SURE...1F «Westi nghouse 


WATCH “WESTINGHOUSE LUCILLE BALL-DES! ARNAZ SHOWS” CBS TV FRIDAYS 


J-92031 


*Trade-Mark 
1Located at Sedro Wooley, Washington. 


Write in No. 127 on Reader Service Card 


FOR ELECTRONICS PLANTS... 
FOR AIRCRAFT AND MISSILE BASES... 


High-frequency power distribution runs are, for the 
first time, really practical and economical. Now, a 
single, central high-frequency generator can com- 
pletely power tens of thousands of square feet. 

At 400 cycles and up, new Westinghouse high- 
frequency bus duct will deliver power with a maxi- 
mum voltage drop of only 1.28 volts each 100 feet 
under full load of 800 amps. Here is performance 
that cannot economically be begged, borrowed or 
coaxed out of cable-conduit or other bus duct. Com- 
pare this efficiency with conventional systems in 
which drops of from 7 to 15 volts can normally be 
expected. Housing of duct is nonmagnetic aluminum 


you CAN BE SURE...1¢ «Westi nghouse 


WATCH **WESTINGHOUSE LUCILLE BALL-DESI 
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. . . Shields test equipment from radio frequencies 
originating in duct. | 
Here is an opportunity, too, to take advantage of | 
all the inherent advantages of bus duct. Power taps }| 
every 60 inches over the entire length of duct... 
no splicing. No complex wire mazes. Infinitely more } 
flexible and convenient to use. Duct is more quickly | 
and easily installed than cable and conduit. 
High-frequency bus duct is immediately available F 
... and only from Westinghouse. Get in touch with 
your local Westinghouse sales representative. Or 
write or wire Standard Control Division, Westing- } 
house Electric Corporation, Beaver, Pa.  ‘  4-30285 § 


ARNAZ SHOWS” CBS TV FRIDAYS 


SPACE/AERONAUTICS 


Aerospace Electronics 


SiS hl Sse 


FORBIDDEN ZONE 


FIGURE 1: Electronic energy structure (left) of semi- 


conductors. Impurity levels in germanium, as 


CONDUCTION BAND 


VALENCE BAND 


Right: 


CONDUCTION 
BAND 


DONORS 


FORBIDDEN ZONE 


VALENCE 


donors.) 


Zn 
4x 10-4 
5 x 10-5 


[= 10-8 _ | 703 ee 
gx108 ste a eID 


| 1x 10-8 


measured at absolute zero temperature. (‘‘D’’ identifies 
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Photon IR detectors: 


physics and applications 


Infrared detector design has progressed so far recently that 
a review of the basic physics of the latest devices seems in 
order. Here is a brief survey of the essential characteristics 
and applications of the three types of photon detectors used 


most frequently in IR systems. 


by Marvin M. Antonoff, Design Engineer, 
Light Military Electronics Dept., General Electric Co.* 


D vrinc World War I, scien- 
tists on both sides put much effort 
into developing sensitive, fast-re- 
sponding detectors to replace ther- 
mal detectors in infrared (IR) sys- 
tems. This led to the development 
of photoconductive lead-sulfide IR 
detectors by German and American 
scientists. Today, photoconductive 
detectors are used almost exclusive- 
ly in IR systems. 

The photoconductive detector is 
one of several types of so-called 


* Light Military Electronics Dept., General 
Electric Co., French Rd., Utica, New York. 
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“photon detectors”. Unlike the ther- 
mal detector, the photon device 
doesn’t depend on a change in its 
temperature. Instead, photons mak- 
ing up the incident radiant energy 
interact with matter to produce 
changes in one or more properties 
of this matter. Photon detectors are 
used in systems that demand fast 
response, thermal detectors in sys- 
tems that demand broad spectral 
response. 

The photon detector bears its 
name because its response is pro- 
portional to the particular number 


of photons—rather than to the en- 
ergy—absorbed by the receiver. 
Photon detectors applied to the de- 
tection of IR radiation can be 
photoemissive, photoconductive, or 
photovoltaic. In all cases, the op- 
tical excitation of an electron results 
from the absorption of a photon of 
energy: 
Eig HCN, 

where /: is Planck’s constant; c, 
velocity of light; and A, wavelength 
of the incident radiation. 

In the photoemissive detector or 
photocell, an absorbed photon with 
an energy greater than the work 
function (¢) of the material can re- 
lease an electron from the mate- 
rial (producing the well-known 
photoelectric effect). Detectors of 
this type are limited in their re- 
sponse by the work function of the 
photocathode. Though a photon of 
visible radiation may have enough 
energy to release electrons, the pho- 
tons become less energetic as you 
approach the longer wavelengths. 
Ultimately, they fall below the min- 


more on page 208 
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FRESCANAR (frequency scan radar) is the eyes of the Army’s 
‘Missile Monitor,” a guided missile fire distribution system for 
mobile field army use in air defense. This revolutionary electronic 
beam radar system developed by Hughes Aircraft Company scans 
space without requiring a separate height-finding radar system! 
Hughes designed it for rugged reliability, ease of maintenance, 
reduced size and weight, speed, and total simplicity of operation. 


FRESCANAR consists of a single antenna in the inflated radome on 
the trailer, one power van with a diesel generator and one equip- 
ment van for the radar gear. It can be converted for travel in 
minutes. FRESCANAR concentrates all available power in sharp 
pencil beams of energy flashing on and off in fan-shaped array— 
pinpoints targets at great distance with extreme accuracy. The 
FRESCANAR klystron tube efficiently and effectively produces 
the tremendous RF pulse power required. 


COOLANOL 45 coolant-dielectric liquid assures reliability by keep- 
ing klystron temperatures within critical operating limits. Versatile 
COOLANOL 45 provides efficient heat transfer for accurate tem- 
perature control of many electronic systems. It also serves as a 
high-temperature hydraulic fluid in a number of units . . . remains 


a, pumpable liquid over the remarkable temperature range of 
-—65° to 400° F.! 


When you need a synthetic fluid, come to Monsanto—creator of 
fluids for the future. 


: Monsanto T. M., Reg. U. S. Pat. Off. 


How FRESCANAR} 
pinpoints targets 
in 3 dimensions! 


COOLANOL 45 liqut 


cools the FRESCANAR 


high-powered klystror 


Pumped around the collects 
COOLANOL 45 absor 


surface heat from t, 
tube wall and carrt 
it away for dissipati, 
in the heat exchang\. 
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-rescanar—first “3-D” 
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ncil-beam antenna scans flashes range and azimuth on While guided missile scores 


es at extreme range to de- one monitorscope, altitude on “Kill,"’ FRESCANAR continues 
t “‘enemy’’ craft. Almost another, and relays essential to seek other targets ...can 
tantaneously, it... data to control centers. track many more than conven- 


tional systems. 
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Write in No. 129 on Reader Service Card at start of Product Preview Section 
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Send for 
New Booklet 


Gives useful information about static and 
dynamic cooling methods, how to apply the 
package concept to cooling design, how to 
simplify and standardize cooling and 
hydraulic units. Through a step-by-step solu- 
tion to a typical klystron cooling problem, 
it shows you how to apply principles of heat 
transfer in actual practice. For your copy, 
circle the reader-service number or write: 


/ Monsanto Chemical Company 
Organic Chemicals Division 


Dept. AV-18 


\ ‘ St. Louis 66, Missouri 
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Number One o}/ a simple series on symbology... 


The Sign 
of the 
Kame 


In the Japanese Shinto 
religion the sign of 


Kame (the Tortoise) 


is the symbol of 
longevity. On the 
contemporary scene, the letters 
M.R.C. also mean longevity... 
longevity guaranteed by 
creative design 
and precision manufacturing. 
The all-new, wide band 
D.C. Amplifier 
fulfills a critical need of missile 
and aircraft design engineers for a stable, 
drift-free and multipurpose amplifier with a 
wide range of response. The M.R.C. D.C. Amplifier 
utilizes static, magnetic modulation instead of 
the usual electro-mechanical chopper. This results 
in an inherently rugged design. 


SPECIFICATIONS 


Input (nominal) eee 0 to 5 millivolts D.C. 
Output, 2s See ee ee 0to5 VD.C 
EXcitation nines 28 V D.C. (unregulated) 
Linearity no aot eh a eee ae oe SaliGe 
Total Gains. Seas cocetene, eae enema 0-1000 
Pass Bandie-t5.23h ot tae flat beyond 100 cps 
Gain Stability & Zero Drift... .. better than 1% 


For additional information on M.R.C.’s com- 
plete line of magnetic and transistor amplifiers, 
write for Data File MA-1000. 


MAGNETIC RESEARCH CORPORATION 
Pacing the Industry in Astro-Magnetics 


3160 WEST EL SEGUNDO BOULEVARD, HAWTHORNE, CALIFORNIA 
Write in No. 130 on Reader Service Card at start of Product Preview Section 
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imum energy required to overcome 
¢. No further electrons can then be 
emitted from the surface. 

The work function thus sets the 
long-wavelength limit of the detec- 
tor’s spectral response. Photoelec- 
tric emission has been observed in 
response to one-micron radiation; 
however, this seems to be the long- 
wavelength limit. 

Though radiation beyond one 
micron hasn’t enough energy per 
photon to produce photoelectric 
emission, it may excite normally 
bound ‘electrons into states in which 
they are free to move in an electric 
field. This process of ‘“‘photoconduc- 
tion” consists of: 

e the production of charge car- 
riers (electrons and/or holes) by 
incident radiation; 

e the motion of the carriers 
under the influence of an electric 
field; 

e the return of the carriers to 
the bound state. 

To understand how carriers are 
generated we must be familiar with 
the electronic energy levels of semi- 
conductors and insulators. In the 
isolated atom, electrons are found 
at discrete energy levels, and the 
energy is said to be quantized. As 
atoms are brought together to form 
a crystal, the potential at the nth 
atom is changed by the proximity 
of the others. The result is that the 
free-atom energy levels are split 
into bands of energy levels. 

The number of levels within each 
band is related to the number of 
atoms forming the crystal. Macro- 
scopic crystals have so many atoms 
that the number of levels within 
each_band may be considered to be 
infinite and the possible energy 
levels to be continuous within each 
band. 

The valence levels of the atoms 
produce valence bands. In semi- 
conductors and insulators, the larg- 
est energy level within the valence 
band is separated from the excita- 
tion levels in the conduction band 
by a region in which no electronic 
energy states exist. This is the so- 
called “forbidden zone.” Actually, 
imperfections of the crystal and im- 
purities in the crystal lattice can 
produce electronic energy states in 
the forbidden zones, and real crys- 
tals do have some energy levels 
within this region (Fig. 1). 

Charges can be transported 
through the crystal by either or both 
of the following methods: 


e by accelerating electrons in 
the conduction band through the in- 


SPACE/AERONAUTICS 


Speaking of longevity... 


M.R.C. offers a new series of Solid State 
Pulse Modulators for timing circuits, 
search radar, airborne radar and missile 


guidance. 


One outstanding member of this group is 
the Model MP50S5 Airborne Pulse Mod- 
ulator. This unit is used as a pulse modu- 
lator for high power missile beacons. 


Using only 250 watts of power, this effi- 


cient unit provides 15KV pulses into a 
MA206 magnetron load. The pulse width 
is .25 microseconds at a repetition rate 
of 2000 pps. 


The MPS505 is hermetically sealed and 
weighs less than 7.5 lbs. Solid state- 
magnetic pulse generator systems are 
available in ranges from .1 to 10 mega- 
watts, with repetition rates as high as 
10,000 pps. 


For complete information on the entire 
pulser series, write for Data File MP1100. 


@ 


MAGNETIC RESEARCH CORP. 
Pacing the Industry in Astro-Magnetics 


3160 WEST EL SEGUNDO BOULEVARD 
HAWTHORNE, CALIFORNIA 
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RADIATION 


PHOTOCONDUCTOR 


MAGNETIC FIELD DIRECTED 
INTO PAPER 


FIGURE 2: The photoelectric-mag- 
netic (PEM) effect. The open little 
circles indicate photo-generated 
carriers. 


fluence of an external field, 

e by positively charging holes in 
the valence band that are analogous 
to electrons in the conduction band. 

The generation of charge carriers 
depends on the excitation of the 
electrons into higher energy states. 
There are two distinct types of elec- 
tron excitation: 

e Intrinsic excitation, as when 
an electron in the valence band 
jumps to a level in the conduction 
band—Such transitions do not in- 
volve any states in the forbidden 
zone. An intrinsic excitation results 
in an electron in the conduction 
band and a hole in the valence 
band. 

e Impurity excitation, involving 
energy states in the forbidden zone 
—An electron can, for instance, be 
excited from a level in the forbid- 
den zone to the conduction band, 
producing an electronic carrier. The 
state in the forbidden zone is then 
termed a “donor.” “Acceptor” 
states in the same zone can accept 
electrons from the valence band. 
Transitions of this type produce 
holes in the valence band and so 
result in hole conduction. 

An important feature of elec- 
tronic excitation is that any transi- 
tion between levels can take place 
only if an electron receives an 
amount of energy equal to the 
energy difference between the ex- 
cited and unexcited states. The re- 
quired energy can come from the 
thermally excited lattice or from 
radiation incident upon the crystal. 

If the energy difference between 
the final and initial levels is: 

AE = E, — E, electron-volts, 

the wavelength of an incident pho- 
ton can be determined from AE = 
he/ and: 
\ = he/AE = 1.24/AE microns. 
Radiation of a wavelength longer 
than 1.24/AE can’t cause the same 
transitions between E; and E, as the 
shorter wavelengths. 


For detecting IR radiation be- 
yond 10 microns through a photo- 
conductive device, it’s clear that 
energy differences on the order of 
0.1 electron-volt (ev) or less are 
needed. (Fig. 1). shows some of 
the measured energy levels intro- 
duced into the forbidden zone of 
germanium by several impurity 
atoms. Zinc, for instance, produces 
two levels—0.03 and 0.09 ev—that 
could be used to detect radiation at 
wavelengths beyond 13 microns. 

In contrast to photoemissive and 
photoconductive detectors, the pho- 
tovoltaic cell needs no external 
power source. Instead, it generates 
a voltage that constitutes the signal. 
Two types of photovoltaic cells 
have been used: the PN junction 
cell and the metal-semiconductor 
contact. Familiar examples of the 
latter are the selenium and cuprous- 
oxide cells. 


Indium antimonide junction 
was key development 


The PN junction photovoltaic de- 
tector recently gained prominence 
through the development of indium 
antimonide junctions. According to 
Moss, it can best be understood if 
you consider a semiconductor ma- 
terial that is N-type at one end and 
P-type at the other.! Let’s further 
assume that there is a sharp transi- 
tion between the two regions—the 
PN junction. In equilibrium, a po- 
tential exists across the junction, so 
that there is no net current. 

When the junction is illuminated, 
new carriers are generated whose 
recombination rates do not have to 
be and usually aren’t equal. The 
operation of the PN junction de- 
pends primarily on the variation in 
density of the minority carriers in 
both P- and N-regions. The unbal- 
anced carrier distribution produces 
a current flow across the junctions 
until equilibrium is once again at- 
tained. The resulting photovoltage 
may be expressed as: 

V = kT/e log (1+ Q/A), 
where k is Boltzman’s constant; T, 
absolute temperature; Q, rate of 
carrier-generation due to illumina- 
tion; e, electronic charge; and A, 
rate of carrier generation due to 
thermal excitation. 

The photovoltage is independent 
of detector geometry if the junction 
area is large and the transition re- 
gion thin. The spectral response and 
(1) T. S. Moss, ‘‘Photoconductivity of the 
Elements;"’ Butterworths Scientific, 52. 

more on next page 
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the time constants of the photovol- 
taic and photoconductive detectors 
are basically the same, they 
depend on the same processes of 
generation and recombina- 


since 


Carrier 
tion. 
[The photoelectric-magnetic 
(PEM) effect enables us to measure 
carrier production in an intrinsic 
photoconductor. When appropriate 
radiation is incident on the detector, 
it’s strongly absorbed near the sur- 


THOR 
MISSILE 


COATING 


by 


RINSHED-MASON 


face, producing hole-electron pairs. 
[he carriers thus produced diffuse 
into the crystal at some 
velocity and in a direction normal 
to the surface. 

When a magnetic field is applied 
transversely to the diffusion veloc- 
ity of the carriers, electrons are de- 
flected in one direction and holes in 
the other. (This phenomenon is 
similar to the deflection of carriers 
in the Hall effect. The carriers are 


average 


CHEMICAL 


2 Produced by 
Douglas Aircraft, 
Santa Monica, Calif. 


The Rinshed-Mason chemical coating covering the THOR* missile 
will tolerate temperatures upwards of 550°F. at the rate of 10°F. 
per second temperature rise. Air dries. to a high gloss in less than 
30 minutes. Excellent salt-spray and humidity resistance: Avail- 
able in White (Q51W807), Blue (Q51B813), Red (Q51R806), and 
Black - (Q51K806). Rinshed- Mason maintains extensive research 


and production facilities for. special | finishes. and 
chemical coatingsfor aircraft, missiles, #,and space craft. 


Wilke i in NG, 132 on Reader Service Card at sft 


* Anaheim, California ey 


“Windsor, Ont., Canada 
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separated according to the sign of 
the charge. A potential difference 
corresponding to a Hall voltage oc- 
curs across the detector (Fig. 2). 

The spectral response and time 
constant of the PEM detector are 
about the same as those measured 
photoconductively in the intrinsic 
region of the response. You might 
expect this, since both processes are 
governed by the same mechanisms 
of carrier production. 


Most recent advances in 
IR masers 


The most recent advances in IR 
detection and amplification have 
been made through the study of IR 
masers. In maser operation, an un- 
stable gathering of atomic or molec- 
ular systems is introduced into a 
cavity whose resonant mode is nor- 
mally near the frequency corre- 
sponding to radiative transitions of 
the systems. When you allow radia- 
tion to enter the cavity, it stimulates 
the decay of the unstable systems 
toward the stable condition. The 
result is “stimulated emission” of 
radiation. The energy emitted by 
the maser is usually extremely 
monochromatic, since the energy 
produced by stimulated emission is 
much greater than that due to spon- 
taneous emission. 

The maser has proven capable of 
high sensitivity in detecting and am- 
plifying microwave and RF energy. 
To operate it in the IR region, how- 
ever, you must make some modifi- 
cations. To keep a single isolated 
mode in a cavity at IR frequencies, 
the cavity dimensions would have to 
be on the order of one wavelength 
—about 10-° cm. A cavity of this 
size being impractical, studies have 
been made of larger cavities that 
may support a Jarge number of 
modes within the desired frequency 
range. 

Schawalow and Townes have in- 
vestigated the operation of an IR 
maser using a one-cm* cavity.” 
They conclude that a cavity of this 
size can be developed into an IR 
maser. Though the IR sensitivity of 
such a maser couldn’t compare with 
the performance of the photon de- 
vices we discussed earlier, its ex- 
ceptional amplification properties 
should make the maser suitable for 
certain special applications.—End 


FURTHER REFERENCES — A. Sommers 
‘Photoelectric Tubes;” Methuen, 46. A. 
Rose, ““Photoconductivity Conference; ” Wi- 
ley, 1, 4. EF. Seitz, ‘Modern Theory of Sol- 
ids McGraw-Hill "40. L. P. Hunter 


“Handbook of Sem 
McGrae erinose iconductor Electronics; 


2) A. L. Schawalow & C. H. 
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Use the right material 
every step of the way 


ALBANENE® 


Prepared Tracing Paper. 
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Papers, Cloths or Films — Today’s rigid 
engineering standards demand materials 
exactly tailored to fit the job. “Just-about-the- 
same” products won’t do. 


That’s why K&E produces an unrivalled range of 
original and reproduction materials, in a great 
variety of sizes, shapes, surface characteristics 
and working properties to choose from. 


Whatever your need, K&E can give you the right 
material to do the job. Write for details and 
samples (please specify the particular products 


was which interest you) to Keuffel & Esser Co., 
ie Cz: Hoboken, New Jersey. 1620 
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for originals and reproductions 


KEUFFEL & ESSER Co. 
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This is our R. L. Lillestrand, Project Engineer. Here he ex- 
amines a model of his Stellar Aberrascope, a multiple star 
tracking device which is expected to provide the measure- 
ment of space vehicle velocities to accuracies of the order of 


General Mills is working 


Development of a space vehicle guidance sys- 
tem which may one day be a factor in sending 
manned U.S. space stations into orbit around 
the earth is just one problem being attacked 
at the Mechanical Division of General Mills. 
In research, engineering and manufacturing, 
we are finding solutions to many problems 
that have application in the space age. 


Our research activities cover broad areas in 


physics, chemistry, mechanics, electronics 


100 feet per second. The Aberrascope is designed so that 
precise alignment of the star trackers is not necessary. His 
investigations could have a bearing on self-contained 
guidance systems used in future space vehicles. 


to help 


and mathematics. Some of the studies repre- 
sentative of these activities are: ions in 
vacuum, deuterium sputtering, dust erosion, 
magnetic materials, stress measurements, 
surface friction and phenomena, trajectory 
data and infrared surveillance. 


In our engineering department, current proj- 
ects include: airborne early warning systems, 
micro wave radar test equipment, antennas 
and pedestals, infrared and optics, inertial 


assembling a space station ... illustration from a book written for General Mills by Willy Ley. 


guide vehicles in outer space 


guidance and navigation, digital computers. 


Our entire manufacturing department is 
geared to produce systems, sub-systems and 
assemblies to the most stringent military 
requirements. Our people have a wealth of 


MECHANICAL DIVISION 


experience in complex military projects. 


Write for our new booklet, “Space Vehicle Velocity 
Measurement Using Star Aberrations” and/or bro- 
chure on Mechanica] Division research, engineering 
and manufacturing capabilities. Both are yours for 
the asking. 


General 


1620 Central Avenue, Minneapolis 13, Minnesota Mills 


To wider worlds—through Intensive Research * 


Creative Engineering + Precision Manufacturing 


Honeywell Series 3170 Transports Prevent 
Tape Stretching—Breaking—‘‘Wrap-Arounds”’ 


The data on your magnetic tapes represent a 
big investment in time and facilities. Protect 
this investment by using Honeywell instru- 
mentation. Only Honeywell Series 3170 trans- 
ports have all these exclusive features that 
actually “baby” the tape: 


@ Individual reactor control on both supply and take- 


up reels maintains constant tension on tape ... insures 
gentle handling of even ¥2 mil tapes... from beginning 
to end of reel. . . in all operating modes. 


@ Transport design permits switches from one mode to 
another—even from fast forward to rewind—with- 
out stopping, without stretching tape. 


@ Speed Sensing Control prevents tape stretching or 
spilling during start-up—gets tape feedings from 
supply reels at rated speed before engaging rollers. 


@ Combined crown and edge guiding align tape 
under heads, prolong life of tape edges. 


@ The gentlest brakes in the industry . . . equalized 
from full to empty reels... are used only for stopping, 
not for tension control... safe stops even if power fails. 


Superior tape handling characteristics and ease 
of operation make the Honeywell Series 3170 
Tape Transport your logical choice for efficient, 
trouble-free data recording. Contact your 
Honeywell field engineer for a system tailored 
to your needs. MINNEAPOLIS-HONEYWELL, 
10721 Hanna Street, Beltsville, Md. 


Honeywell 
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INSULATION research at Bell Labs 
has uncovered a way of form- 
ing fluoride coatings on copper, 
aluminum, and other wire metals 
that provide excellent insulation at 
temperatures approaching the melt- 
ing point of the conductor itself. 
Even at these high temperatures, 
the insulation is said to retain flexi- 
bility and freedom from porosity. 

The insulating coatings are 
formed directly on freshly cleaned 
copper or aluminum exposed to the 
oxidizing carriers of hydrogen fluo- 
ride or elemental fluorine at 300- 
600 deg C. The thickness of the 
resulting film depends on the form- 
ing temperature, the concentration 
of fluorine, and the exposure time. 
Aluminum forms a fluoride film 
that becomes one micron thick in 
a few moments at 550 deg C. The 
film sticks to the wire even when 
bent repeatedly at a 90-deg angle. 


ACCORDING to Bell Labs, the 
electric insulation values for copper 
and aluminum films 1-2 microns 


thick are on the order of 102° and’ — 


1011 ohms at room temperature. 
The aluminum fluoride insulation 
resists breakdown at 450 V at 500 
deg C. (The best organic insulation 
coatings can’t be used continuously 
above 300 deg C.) 


ELECTRON tubes may one day be 
“transistorized” if a recently dis- 
covered means of obtaining steady 
electron emission from certain 
semiconductors can be applied 
practically, Westinghouse research- 
ers say. The latest material to yield 
this electron emission is silicon car- 
bide. According to Westinghouse, 
the density of the emission is equal 
to that in the average tube. 
“Applied successfully to a vacu- 
um tube, this new method of elec- 
tron emission would do away with 
the whole inefficient process [of 
boiling electrons out of the cathode 
at high temperatures],” declares 
Dr. Clarence Zener, director of 
Westinghouse research. He foresees 
a “solid-state” electron tube in 
which the conventional heated 
cathode is replaced by a small 
“semiconductor crystal with a built- 
in junction,” as in a transistor. A 
small voltage maintained across 
this crystal would produce an in- 
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Sstantaneous and continuous elec- 
tron flow. 


TEXTOLITE, a new transparent 
laminate developed by GE’s 
Laminated Products Dept., is said 
to have ideal characteristics for 
computer circuitry and other mili- 
tary electronics applications. The 
new NEMA grade 11 laminate, 
self-extinguishing epoxy glass has 
20-million meg resistance at 
50 deg C and 500,000 meg resis- 
tance at 165 deg C. It reportedly 
retains 65 per cent of its RT 
flexural strength at 150 deg C. 


APPLICATION of ferromagnetics 
as storage devices is being studied 
at Laboratory for Electronics. The 
company is investigating the micro- 
magnetic properties of vacuum- 
evaporated thin films and the effect 
of controllable characteristics on 
these properties. The study— 
backed by ANIP through Bell Heli- 
copter, ONR, and USAF’s Cam- 
bridge (Mass.) Research Center as 
well as by LFE itself—is aimed at 
establishing a new class of storage 
and display devices whose opera- 
tion is based on the detailed prop- 
erties and motion characteristics of 
domain walls. 


A NEW polycrystalline optical 
material with high infrared trans- 
mission qualities was developed by 
Eastman Kodak for use in low cost 
missile irdomes. Polished domes 
and windows of “Irtran” have im- 
proved heat resistance and weather- 
ing properties and generally cost 
less than their conventional sap- 
phire and silicon counterparts, says 
Kodak. In structurally adequate 
thicknesses, Irtran reportedly trans- 
mits more than 90 per cent of the 
impinging energy from three to six 
microns. 

Company tests show the high 
transparency is retained at 800 deg 
C and even beyond, so that it easily 
overcomes the “hot window” effect. 
The refraction index at 6.7 
microns is only 1.301. Refraction 
losses therefore are small enough 
to make coating unnecessary, 
Kodak believes. Irtran’s microwave 
characteristics for insertion losses 
and reflection in the 9-10-kc range 
are close to those of natural mica, 
Kodak adds. 


WIDER use of copper-clad plastic 
laminates for printed circuits is 
predicted by Formica. The com- 
pany foresees an increase of 500 
per cent by 61 over ’57, in view of 
the growing mass _ production 
of military electronic equip- 
ment. Copper-clads accounted for 
4.4 per cent of all printed circuits 
in military electronics in ’57 and 
should jump to 28.2 per cent in 
1961, if Formica is right. 


TRANSISTORS and diodes that 
operate at about 1800 deg F may 
result from development work at 
Stanford Research Institute. Work- 
ing with silicon carbide crystals 
grown from solution in alloy salts 
—a method originally proposed by 
Nobel laureate William Shockley— 
SRI researchers have come up with 
a practical production method. In 
a modified standard crystal-pulling 
furnace, they melt pure silicon in 
a carbon receptacle. The carbon of 
the crucible diffuses into the mol- 
ten silicon and saturates the solu- 
tion. By close temperature control, 
a “cool spot” is produced in one 
area of the solution from which 
pure silicon carbide crystals can be 
grown. 

The trick, SRI told SPpAcE/ 
AERONAUTICS, lies in producing sin- 
gle crystals with the necessary 
extreme purity. At present, the SRI- 
grown crystals are too small for 
commercial uses. However, work 
is proceeding under a contract ex- 
tension from BuShips to produce 
larger crystals. 


RESEARCH on high efficiency 
thermoelectric material is under- 
way at Servomechanisms’ Santa 
Barbara (Calif.) Research Center 
under the ANIP program. Its 
aims are finding materials that 
have a relatively high conver- 
sion efficiency as well as devices 
that could use these materials. 
Thermoelectric properties that are 
retained at extremely high tem- 
peratures is a basic goal of the ma- 
terials research program. 

Much of Servomechanisms’ ef- 
fort is devoted to the mechanical 
problems in designing a thermo- 
electric generator, which has been 
a big obstacle. 


a) 


This is all the room you need 
to weld with LINDE’s 


“MIGHTY MIDG 


Ps N ACTUAL Size 
SHON, IN. OPENING 
\ a 


x 
. 


... New Heliarc 


HW-20 Torch 


HIGH CURRENT CAPACITY 
N Operates at 200 amperes continuous duty, AC or DC. SPECIFICATIONS 


Molded. totally closed water-cooling system elimi- 


F Capacity — 
nates any chance of leaks at torch head. = 200 samp AC or DC: continnons dep egos 
AP 4 225 amp. AC or DC, reduced duty cycle 
_—f y MINIATURE SIZE Weight — 
y 4 9 16- by 2-5/16-in. torch head “ rmits welding in with short cap: 3.3 oz.* 


with medium cap: 3.5 oz. 


hard-to-reach areas as small as 3 in. in diameter. with long cap: 3.6 oz 


Total torch leneth is under 7 inches. 
= Length overall — 67 in. 
3.3-OZ. FEATHERWEIGHT Length of Torch Head — 
Selected materials. such as class fiber reinforced seesassas cap: 2-19 64 in.* 
: with medium cap: 3-9/32 in. 
with long cap: 7-5/16 in. 


phenolic plastic. save weight without sacrificing 
strensth. Torch (with short cap) weighs only 3.3 
ounces. 


Maximum Handle Diameter — 3 in. 


Maximum Head Diameter—9/16 in. 


HANDLES LIKE A PENCIL Service Lines— 12% or 25 ft. 
Exceptional balance. licht weicht. small size. and “Torch is supplied with medium cap for 3-in. electrodes. 
super-flexible service lines make the HW-20 torch en oe eee St See 


¢ electrodes are aveilable es eccessories 
as easy to handle as a pencil. 


For further information. call your local LINDE Office 
or LINDE Distributor ... or write: Dept. SN. ie 

LINDE Company. Division of Union C carbide Corpo- 
ration, 30 East 42nd Street. New York 17. New York. 


Write in No. 266 on Reader Service Card at start of Product Preview Section 
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Pe cs ‘Employment Inquiry Form 


(NOT an application for employment) 


THIS INQUIRY FORM is a service that makes it easier for the interested 
reader to explore employment opportunities with organizations featuring 
recruitments advertising in this issue. 


To use this Form, follow these simple steps: 


(1) Tear out this page. 


(2) Check off the organization(s) listed below whose employment offers 
are of interest to you. Use typewriter or pencil. 


(3) Turn to the back page of this Form and answer the questions on it. 
(4) Mail this form (in a stamped envelope) to: 


Reader-Service Dept. 
SPACE/AERONAUTICS 
205 East 42nd St. 

New York 17, N.Y. 


We will do the rest and promptly forward a copy of your Inquiry Form 
to each of the organizations you have checked. Depending on their 
specific personne] requirements, they will get in touch with you at your 
home. 


I am interested in the employment opportunities at: 


LJ Aeronutronic Systems, Inc.; A Subsid. of C) Marquardt Aircraft Co. 226 
Ford Motor Co. 229. 1 Martin Co.; Denver Div. 112 
(J AiResearch Mfg. Co. 104. [ Minn.-Honeywell Reg. Co.; 
[] Bell Aircraft Corp. 229, 324 Aero Div. 2 X 230; 000,000. 
j issl st. Div.; United 
[1] Chance Vought Aircraft, Ine. ane Oo eek ee Sy ens 
(J Cornell Aeronautical Lab., Inc. 36 g : ; : 
; (J Pan American Airways, Inc.; Guided 
(J Douglas Aircraft Co., Inc. 149 Missiles Range Div. 311 
(J Electro-Mechanical Research, Inc. 229 CO Reeves Instrument Corp. 261 
(1) Garrett Corp. 104 [ Republic Aviation Corp. 223, 230 
General Electric Co. C1 Rohr Aircraft Corp. 221 
(] Armament & Control Seat 87, 89, 91 C] Ryan Aeronautical 156 
( #£Flight Propulsion Div. 228 1 Sandia Corp. 299 
) Light Military Electronics Dept. 224 9 Solar Aircraft Co. 228 
(J Guided Missiles Range Div.; PanAm [] Space Technology Labs. 27 
Airways, Inc. 11 | Systems Development Corp. 222 
C—] Intl. Business Machines Corp. 219 [ Texas Instruments 225, 230 
LJ Johns Hopkins University; Applied CO) United Aircraft Corp.; Missiles & 
Physics Lab. AYN Space Syst. Div. 108,109 
[] Lockheed Aircraft Corp.; Calif. Div. 329 [] Westinghouse Electric Corp.; Baltimore Div. 220 


OTHER (Some organizations’ recruitment advertising in this issue may have arrived too late for 
inclusion in the above list. If you are interested in the employment offers of any of these organiza- 
tions, just note its name and the page number of its advertisement in this space. Please refer only 
to ads keyed to this form.) : 
i A ge ll Nae als le SE a a 
ee Be a ec a a ee A a A a ne eS | 


NOTE: If you have an immediate interest In any special employment opportunity advertised In this issue and 
would like to give more details about your qualifications than can be noted on this Form, we advise yeu to 


send your resume directly to the person or department given in the advertisement. We'd ep- 
preciate it if you’d mention SPACE/AERONAUTICS in your application. 
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space: aeronautics CONFIDENTIAL 


(good until 1/15/60) 


Please type or print (with pencil) (NOT an application for employment) 
FIELDS OF INTEREST (in order of importance, note the general fields in which you would like 


to work—e.g., basic research, dynamics, structures, rocket propulsion, electronic systems, pneu- 
matics, testing, materials, production, ground support, etc.) : 


CN  ————— 


SPECIALIZED JOB EXPERIENCE (describe the specific technical areas in which you have worked 
—e.g., flutter, fatigue, fuel systems, circuit miniaturization, servo systems, hydraulic pumps, 
tool engineering, orbit mechanics, telemetry, data processing, wind tunnel testing, etc.) : 


JOBS AND EDUCATION 


List your last 3 employers: 


EMPLOYE YEARS JOB TITLE 
E CITY & STATE empLoyYeED OR FUNCTION 


List your college and university degrees: 


SCHOOL YEARS * 
CHOO ATTENDED DEGREE 


Special Training 
Senate AS 


PERSONAL DATA 


Make sure you have checked the é eee ewe one tig eee Ce LOTS SAS, g 2) 8 Oe) Cyr e, DD, BF.0 0.0 CKO S76) slieue @ ©) 8 s16,\61.0.0 si wine . 
é ne companies you are interested in on th ide 
this Form. Then put the Form in a stamped envelope and mail it to Biaeet heeeates 
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THREE IBM CAREER OPPORTUNITIES 
WHERE THE COMMON DENOMINATOR IS 
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IBM. 


INTERNATIONAL BUSINESS 
MACHINES CORPORATION 


MATHEMATICS 


COMPUTER PROGRAMMING at IBM is being extended to include 
many new areas—such as orbit computation, meteorological satellites, 
space probes, information retrieval, design automation, real-time sys- 
tems, and optical studies. As a result, we are greatly expanding our 
programming staff, creating opportunities for people with various lev- 
els of experience. Assignments involve a wide variety of problems in 
science, business and government. 

Qualifications: Degree in Math, Statistics, the Physical Sciences, Engi- 
neering or Engineering Science . . . plus one year’s programming 
experience. 


MATHEMATICS RESEARCH at IBM involves interesting chal- 
lenges in a wide variety of areas. These include matrix algebra; logic; 
mathematical physics; and probability, communication and informa- 
tion theory. Other fields which are also being subjected to intensive 
study are numerical analysis, combinatorial topology, and operations 
research. 

Qualifications: B.S., M.S:, or Ph.D. in Math, Physics, Statistics, Engi- 
neering Science, or Electrical Engineering—and proven ability to as- 
sume important technical responsibilities in your sphere of interest. 


APPLIED MATHEMATICS offers unusually fine opportunities for 
the math-oriented. You will be asked to apply your knowledge of 
mathematical and statistical analysis, probability, logic, and coding to 
advanced computer development problems. Assignments may take you 
into computer systems design, component engineering, human factors 
engineering, or feed-back control theory, information and communica- 
tion theory, inertial guidance, and scientific programming. 
Qualifications: B.S. or Advanced Degree in Math, Physics, or Statistics 
—plus related experience. , 


There is a wide and diverse range of career opportunities at IBM. 
Advancement is rapid. The demands of a constantly expanding pro- 
gram of research and development, and promotion from within, based 
on individual merit and achievement, make this possible. Working 
alone or on a small team, you'll find that specialized assistance is 
readily available. 


For details, write, outlining your background and interests, to: 
Mr. R. E. Rodgers, Dept. 522K 

IBM Corporation 

590 Madison Avenue, New York 22, N. Y. 


Check Employment Inquiry Form on Page 217 
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New Westinghouse radar techniques are increasing 
the scope and accuracy of radar detection devices... 
ground, shipborne and airborne. Super-sensitive, 
long-range electronic detection equipment now in 
production will approach pin-point accuracy in 

the perception of aircraft or missiles. Over the 
horizon or in outer space, the “‘bird”’ will 

find no sanctuary from these electronic eyes. 

But, radar can never remain static . . . and today’s 
equipment will be superseded by newer, more 
accurate devices now under study by Westinghouse 
engineers. This constant striving for perfection 

has kept the name Westinghouse in the forefront 
of advanced radar development . . . and it has 
created new career opportunities for radar 
engineers at Westinghouse-Baltimore. 


Radar Development opportunities for engineers 
with either experience or interest as follows: 


Radar Receiver Development 


Includes low noise figure front ends using crystal 
mixers, travelling wave tubes, parametric 
amplifiers and multistage IF amplifiers with special 
characteristics like wide bandwidth, logarithmic 

\ action, ultrastability and bipolar clipping. 


Radar Modulator Development 


Includes switchgear, high voltage DC power 
supplies, pulse shaping, and driver stages, crowbar 
and protective circuitry, control and monitoring 
function, and pulse transformer switch 

\ tube combination. 


: Radar Transmitter Development 
Includes high voltage design techniques, 
X-radiation monitoring and shielding, high power 
wave guide and RF components, transmitter 
P NN DD \ " multiplexing, high stability frequency sources, and 
f travelling wave tube amplifiers. 


Other Career Opportunities: 


Airborne Electronic Counter-Measures 
Digital Computer Development 
Microwave Systems and Components 


Antenna Design 


Infrared Systems Development 
Solid-State Devices and Systems 
Automatic Check-Out and Fault Isolation 


Ferret Reconnaissance 


Electronics Instructors 
P [Pl Communications Circuitry 
Field Engineering 
® Technical Writing 


FOR DETAILS... and a copy of the inf 

brochure ‘‘New “Dimonsiehoes oa Stator ae 
A. M. Johnston, Dept. 982, Westinghouse Elec- 
tric Corporation, P. O. Box 746, Baltimore 3, 


Maryland. Please i in 
clude a resume of your educa- 
tion and experience, % ad 


Westinghouse 


BALTIMORE 


VENA SS SCCA CSAS CRORT CECE EH EsucUecuesueuunapueeseqaqeqsansrensenede 
TEPC COROT OTe r THe a ee . 
Feenveepees 


Check Em, ; 
eck Employment Inquiry Form on Page 217 Check Employment Inquiry Form on Pose 217> 
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Name 


Address 


Health 


Present 
Position 


Experience 


Reason for 


these openings 


Business 
References 


Availability 


RESUME FROM ROHR 
TO PROFESSIONAL AND ADMINISTRATIVE PERSONNEL 


Rohr Aircraft Corporation 


Main Plant and Headquarters: Chula Vista, California 
(near San Diego) 
Manufacturing Plant: Riverside, California 


Assembly Plants: Auburn, Washington; Winder, Georgia 
Established 20 years 


Financial health excellent - Sales this year, $184, 000, 000 
Backlog approaching a quarter-billion; 68% commercial 


World's largest producer of components for flight 


After years of experience in the engineering and manu- 
facture of ready-to-install power packages, Rohr today is 
widely diversified in many fields of structural flight com- 
ponents. For instance, the design and production of such 
major components as fuselage sections, jet pods and struts, 
empennage assemblies, flap tracks, missile racks, wing 
leading edges, etc. Perhaps even more important is Rohr's 
leadership in the development and manufacture of stainless 
steel honeycomb sandwich panels, and advanced research 

in the field of practical usage of exotic metals, 


Rohr is selecting successful professional and administrative 
personnel to join its highly-regarded team. 


America's major aircraft companies 


We are available for interviews whenever it is mutually 
convenient. Please forward details of your education and 
experience to Mr. J. L. Hobel, Industrial Relations 
Manager, Rohr Aircraft Corporation, SA-4 
Chula Vista, California 


AIRCRAFT CORPORATION 


Check Employment Inquiry Form 


perations 
Research 
Scientists: 


Need time to develop 
your ideas? 


Most scientists engaged in operations research 
work seem to feel that they cannot do their most 
productive work when they are constantly 
fighting unrealistic deadlines. 


The operations research programs at System 
Development Corporation are carefully planned 
to provide ample time for the development of 
new ideas that apply to the development of large- 
scale, computer-based information-processing 
systems. 


The following are just a few examples of the 
areas in which Operations Research Scientists 
work at SDC: (1) simulation and operations 
gaming techniques in problems of control 
systems; (2) mathematical logic applied to 
universal computer languages; (3) medical data 
processing; (4) stochastic modeling of man- 
machine interactions; (5) logistics; (6) test 
design for operational computer programs. 


Operations Research positions are now open for 
scientists at several levels of experience. Please 
send your inquiry to Mr. E. A. Shaw, SDC, 
2424 Colorado Avenue, Santa Monica, Calif. 


“Application of Computer Simulation to 
Production System Design,” a paper by Allen 

J. Rowe, is available upon request. Send request 
to Dr. Rowe at SDC. 


SYSTEM DEVELOPMENT 
CORPORATION 
Santa Monica, California + Lodi, New Jersey 


on Page 217 
SPACE/AERONAUTICS 


BILL TAUFMAN, a scientist with the Research & 
Development Division, studies edible plants grow- 
ing in pressurized glass jars under simulated 
high-altitude conditions. Tests thus far indicate 
that the pressure for optimum growth is of the 
order of 8 to 10 psia, some plants growing con- 
siderably faster at this pressure than at the earth 
sea-level pressure of 14.7 psia. 


HOTHOUSE ON THE MOON 


Studies in low-pressure plant growth for lunar application...just one 
of the unique programs for engineers and scientists at REPUBLIC AVIATION 


An example of the scope of Republic’s investiga- 
tions into every ramification of space exploration is a 
study to determine the lowest pressure level which will 
permit normal plant growth. The project is part of an 
Air Force program to judge the feasibility of a moon base. 
Another aspect of the study seeks to find the effect of 
zero gravity on plant growth. Although zero gravity can- 
not be created on the earth, the potential problems were 
indicated when plants subjected to negative g, or up-side- 
down growth, showed only one-half the development of 
normally grown plants. 


Every facet of flight technology, from advanced 
aircraft design and space vehicle propulsion systems to 
computer-based trajectory studies for planetary recon- 
naissance probes, is being explored in Republic’s Research 


and Development program. Distinguished advances have 
already been made in space guidance concepts, in plasma 
and nuclear propulsion systems, in radiation physics, in 
new materials and processing techniques, and in proto- 
type development of hardware (as an example: hydraulic 
systems that operate reliably up to 1500F.) 


These programs will be intensified with the com- 
pletion — early next year—of Republic’s new $14 million 
Research and Development Center. As the date draws 
near, staff expansion for these modern facilities is creating 
in-at-the-beginning career opportunities for senior engi- 
neers and scientists capable of sophisticated thinking in 
theoretical and experimental research. Republic invites 
qualified individuals to discuss how they can make 
material contributions to advancing the state of the art. 


Opportunities In All Areas of Flight Technology 


Electronics 


Inertial Guidance & Navigation 
Digital Computer Development 
Systems Engineering 

Information Theory 
Telemetry-SSB Technique 

Doppler Radar e Countermeasures 
Radome & Antenna Design 
Microwave Circuitry & Components 
Receiver & Transmitter Design 
Airborne Navigational Systems 
Jamming & Anti-Jamming 
Miniaturization — Transistorization 
Ranging Systemse Propagation Studies 
Ground Support Equipment 
Infrared & Ultra-violet Techniques 


Flutter & Vibration 


Hydromagnetics 


Thermo, Aerodynamics 


Theoretical Gasdynamics 
Hyper-Velocity Studies 
Astronautics Precision Trajectories 
Airplane/ Missile Performance 

Air Load and Aeroelasticity 
Stability and Controls 


Vehicle Dynamics & System Designs 
High Altitude Atmosphere Physics 
Re-entry Heat Transfer 


Plasma Propulsion 


Plasma Physics 

Gaseous Electronics 

Hypersonics and Shock Phenomena 
Hydromagnetics 

Physical Chemistry 

Combustion and Detonation 
Instrumentation 

High Power Pulse Electronics 


Nuclear Propulsion 
& Radiation Phenomena 


Nuclear Weapons Effects 

Radiation Environment in Space 

Nuclear Power & Propulsion Applications 
Nuclear Radiation Laboratories 


“Send resume in confidence to: Mr. George R. Hickman, Engineering Employment Mgr., Dept. 6L” 


FEE PUES has AVIAN 


Farmingdale, Long Island, New York 


Check Employment Inquiry Form on Page 217 
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of changing your 
someday? 


Professional Stature 
is enhanced by project diver- 
sity that offers ample oppor- 
tunity to develop competence 
in related disciplines and 


Top Salaries, fully 
competitive with com- 
\/ pensation throughout the 

==> industry, with increases 
based on actual performance. 


not seniority. product areas. 
Se¢_ Desirable Assignments Comprehensive Orientation 
to match your electron- Program assists new 
ics specialty in any one professional personnel 
of 30 expanding groups; in feeling “at home” 
activities range across immediately. 
= ws the spectrum from 


audio to infrared. Specific programs 
include a revolutionary Bomb Nav. 
Radar System, Polaris Fire Control 
and Guidance Computer, Sidewinder 
Guidance, Satellite Communications, 
Advanced Airborne Detection/Data 
Processing/Command System, and 
Missile Fuzing, to name a few. 


G. E.’s Famous Benefit 
Program that includes 
comprehensive insurance 
and the valuable savings 
and security plan. 


Vacationland Living 


Promotional Opportunities i in beautiful, upstate 
~ provided by Light Military’s 3 New York where year 
3 fast growing programs, as evi- round recreation is close 

denced by the fact that engineering to your door. 


staff and support personnel have 
grown from 160 in 1952 to 1469 this 
year. 


wee 
aye) No Long Commuting 

90% of LMED’s personnel 
live within 15 minutes 


of work. 


Career Stability 
assured by diversification 
Et which enables Light Mili- 
BoA tary’s expansion to be in- 
her dependent of any individ- 
ual military program. 


Graduate Study Plan 
that covers the cost 
of tuition, textbooks and 


You'll be Welcomed 
in a variety of groups 
that make it easy to meet 
people that share your 
interests — whether they 


transportation to and be drama, skiing, music, 
from graduate school. bridge, photography, hunting, profes- 
sional societies, etc. 
An Opportunity to 
Di bebe hde pPoLE SALAI 
ists in - aboratories , i 

and gain access to the new- ae Reon en ahaa eecueere 
est technical concepts. help you find a home 
(house or apartment) 
In-Plant Courses and offer counsel on all 
provide broad coverage aspects of your reloca- 
in technical and manage- tion. In addition, we pay moving and 
rial subjects — are open to transportation costs for you and your 


ae" professional personnel, family. 


IMMEDIATE OPENINGS IN THESE AREAS: 


Microwave Devices & Antennae / Radar & Radio Receiver Design 
Electronic Countermeasures / Missile Guidance Systems 
Digital Techniques / Display Devices / Statistics / Navigational Equipment 
Transistor Techniques / Digital Computers / Data Processing 
Information Theory / Transmitter Design / Meteoric Scatter / Sonar / Infrared 


My 
Cat 


WRITE FOR FACT SHEETS giving detailed information on more than 
a dozen additional factors that enter into careful job selection. For prompt 
consideration, add the following information —your name, home address, 


home phone, degree(s) and year(s) received, plus the technical areas you 
are particularly interested in. 


Address Mr. William Gilmore, Div. 60-MK 
i1..ME EE 3p 
pttitieies saa 


LIGHT MILITARY ELECTRONICS DEPARTMENT 


GENERAL @@ ELECTRIC 


FRENCH ROAD, UTICA, NEW YORK 


a Check Employment Inquiry Form on Page 217 
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ORIGINAL PHOTO 


TRANSMITTED: BY AMPLITUDE MODULATION 


Quantizing Photographs—electronic surveillance pi : | 

. | pictures are a source of information, but the usefulness of such 
Er eanoD when transmitted over long distances depends upon the faithfulness of the data link. Amplitude modu- 
ation, as the data-link approach, cannot be relied upon as signals are oftimes attenuated to almost useless levels. 


Quantizing photographs and then using a coded transmittin : 
| g scheme such as pulse code modulation improves repro- 
duction and surveillance usefulness at the receiving end of the digital transmission link. ae ye 


RESULT: faithful transmission and reception over greater distances. 


Yh 


BY QUANTIZING AND CODING 


design, manufacturing and quality contro/ engineers — 3-10 years experience 


| 


careers and 


Ideas come where they are encouraged, and at TI’s 
Apparatus Division engineers work in a permissive 
atmosphere, one which produces creativity as a 
natural result. Both the modern air-conditioned work 
facilities and the pattern of life in the progressive 
city of Dallas encourage a man to his most efficient 
productivity and rewarding accomplishments. 


Your experience in one of the following technologies 
may find immediate application in our Electronic 
Surveillance, Antisubmarine Warfare, Heavy Surface 
Radar, or Missile Systems programs. 


radar e sonar e infrared e magnetic anomaly detection e passive 


detectors e servos e navigational systems e special-purpose 


computers e timers ¢ programmers e microwave e telemetering 


e data link e optics ¢ video mappers e visual displays e intercom 


PROFESSIONAL 


PLACEMENT 


TEXAS 


ideas at Ti 


Our stable growth requires a steady influx of men | 
qualified in these technologies. To learn more about 
us and how we can fit into your career plan, write 
for a copy of “We can tell you this much about) 
Apparatus division” to: J. R. Pinkston, Department 
107 Apparatus Division : 


selected current career Opportunities : 
SENIOR ENGINEER: missile electronic system analysis (MS or 
MA degree in EE, ME or PHYSICS) : 


SENIOR ENGINEERS: advanced mathematical analysis of radar, 
sonar, servo-mechanisms (MS or PhD in MATH) 


DESIGN ENGINEERS: microwave circuits and antennas (BS or 
MS in EE or PHYSICS) 

DESIGN ENGINEERS: Missile electronic systems (EE, ME, 
PHYSICS or MATH) 

INDUSTRIAL ENGINEERS: quality control (BS in EE or ME) 


MANUFACTURING ENGINEER: broad range transformer 
manufacturing coordination and supervision (BS, EE or ME) 


MANUFACTURING ENGINEERS: tooling design, production 
supervision (BS, EE or ME) 


INSTRUMENTS 


INCORPORATED 
DALLAS 9, TEXAS 


6000 LEMMON AVENUE ° 


ASTRO... 


Air-Space Travel Research Organization of The Marquardt Corporation . . . 


Offers exceptional engineers and scientists 
a unique environment for creative research 


research center at Marquardt-Van Nuys. The 
new facility includes a variety of specialized 
laboratories designed and equipped for applied 
research in the broad areas of advanced elec- 
tronics, powerplants, direct energy conver- 
sion systems, optics, mechanics and space 
medicine. From these laboratories will come 
the new products of Marquardt’s Divisions. 


ASTRO is expanding its facilities, its breadth 
of interest, and its organization — now offers 
exceptional career opportunities to outstand- 
ing scientists and professional engineers. 


Marquardt’s ASTRO Division offers creative 
people a unique environment combining 
unusually challenging active projects and a 
lively interest in new ideas. The result: 
genuine opportunity for significant creative 
satisfaction. 


If you are a creative scientist or engineer — 
capable of probing the future, originating 
new concepts, and then establishing their 
feasibility — you are invited to consider the 


The men who qualify will join this long-range or 
following opportunities: 


research group in its new, ultra-modern 


SPACE TECHNOLOGY chemical power systems. Knowledgeable in 


both mechanical and electrical systems. 
Senior Controls System Engineer — For specifica- 


226 


tion generation for systems and for components 
based on system requirements. Preparation and 
direction of test programs for systems — per- 
formance and environmental. Analysis of closed 
loop systems, including electronic, pneumatic, 
and hydraulic components. Components in- 
clude transducers, prime movers, amplifiers, 
dampers, ete. 


Telemetry Specialist — For applications of tele- 
metry to instrumentation and control systems. 
A knowledge of instrumentation and controls 
desired. 


Digital Control Expert — For state-of-the-art work 
in applying digital techniques to guidance and 
control of space vehicles. Airborne computer 
experience desired. 


Microwave Research Specialist — For research in 
microwave theory and techniques, both experi- 
mental and theoretical. 


Research Physicist — For state-of-the-art work 
in magnetohydrodynamics and related fields. 
Theoretical and experimental work. Back- 
ground and experience in field theory or in 
work related to magnetohydrodynamics. 


Energy Conversion Specialist — Broad experience 
In energy conversion or energy addition in non- 


For a copy of our informative 
brochure “Environment For 
Engineering,” Engineers 

and Scientists are invited 

to contact: 


Mr. Floyd Hargiss, Manager 
Professional Personnel, Dept. 
16555 Saticoy Street 

Van Nuys, California 


Check Employment Inquiry Form on Page 217 
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Senior Circuitry Engineer — For design and devel- 
opment of control system circuitry for nuclear 
power plants. 


Guidance Research Specialist — For advanced 
R&D in guidance systems, and consultation 
on guidance problems for space vehicles. 


Infrared Research Specialist To study applica- 
tions of infrared to satellite control, high tem-: 
perature measurements, horizon scanners, and 
mapping systems. 


Accessory Engineer — For state-of-the-art work 
in high speed rotating machinery such as hot 
gas servos, pumps, turbines, bearings. 


PROPULSION RESEARCH 


Fuels Research Chemist — Experienced in fuels 
development and combustion process. Familiar 
with set-up and operation of laboratory con- 
metas with fuel handling, mixing and applica- 
ion. 


Aero-thermodynamicist — For advanced air- 
breathing engine development. Know, or be 
familiar with internal aero, gas dynamics in- 
cluding dissociation and recombination, chemi- 
cal kinetics, heat transfer. Prefer B.S. ChE. 
with advanced combustion system experience. 


CORPORATION 


OPERATIONS AT: VAN NUYS & POMONA, CALIFORNIA — OGDEN, UTAH 


SUBSIDIARY: COOPER DEVELOPMENT CORPORATION, MONROVIA, CALIFORNIA 


CORPORATE OFFICES: VAN NUYS, CALIFORNIA 


SPACE/AERONAUTICS 


e 
rontiers are It is the practical visionary who has given us much of what 
we enjoy today. And it will be the visionary—the man with 
ability to seek concepts beyond the existing limitations of science 


extended by —who will guide our developments of tomorrow. 


The Applied Physics Laboratory (APL) of The Johns Hopkins 


he practical University seeks men who will be engaged in advanced research 


problems—who will find solutions to problems yet to be posed. 
Their findings will provide guidelines for the space and missile 


visionary hardware research of the future. 


Your endeavors will be heightened by the professional atmos- 
phere of APL. This atmosphere, created by men dedicated to 
the furtherance of science, has earned APL a reputation as a 
leader in programs vital to the national security. 


Seren pane The Johns Hopkins University 


exceptlonal opportunities. For detailed information, 


ee sent Applied Physics Laborator 
PP MA yi 


Professional Staff Appointments 


8617 Georgia Avenue, Silver Spring, Maryland 
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EMPLOYMENT OPPORTUNITIES 


ENGINEERS—SCIENTISTS 


Seek and Find 
Daring New Goals 
and Rewards with 
General Electric’s 
Growing 


FLIGHT PROPULSION 
DIVISION 


Our engineers and scientists en- 
joy the daily challenge of new 


Once-in-a-career openings for 


ENGINEERS 


who want 


RAPID CAREER ADVANCEMENT 
CHALLENGING PROJECTS 
ABUNDANT LIVING 


IN CINCINNATI 


Mechanical Design Engineers 


(Missile and airframe structures) 


Design Engineers 


(Small gas turbines) 


Design Checkers 
Proposal Engineers 


(Small gas turbines) 


Solar offers exceptional opportuni- 
ties right now! Solar is humming 
with exciting and challenging 
projects of the Space Age, includ- 
ing a secret ARPA project involv- 
ing a completely new anti-missile 
defense system and several sig- 
nificant gas turbine projects. The 
right men joining now will gain 
key creative positions in their 
fields of interest. 


SOLAR SPECIFICS 


Solar is a medium-size company 
(2500 people in San Diego) with 
a successful history since 1927. It 
is big enough to offer the most 
advanced personnel policies, yet 
small enough so you don’t get lost 
in the crowd. Salary and perform- 
ance reviewed semi-annually, Lib- 
eral relocation allowances, The 
special professional status of engi- 
neers is fully appreciated and 
recognized. A new 60,000 sq. ft. 
engineering building, necessitated 
by expanding research and devel- 


opment, will be completed in 1959 
on the edge of San Diego Bay. 
A huge new furnace for heat 
treating and brazing has just 
been completed. 


IDEAL LOCATION 


Solar is located in sunny San 
Diego with the finest year-around 
climate in the U.S. Recreational, 
cultural and educational facilities 
are superb. The new advanced 
science branch of the University 
of California offers exceptional 
opportunities for further study. 
Outdoor living and sport can be 
enjoyed all year long. You and 
your family will really “live” in 
San Diego! 


SEND RESUME 


Please send resume of your quali- 
fications at the earliest opportunity 
to Louis Klein, Dept. E-439, Solar 
Aircraft Company, 2200 Pacific 
Highway, San Diego 12, Calif, 


SOLAR VY 


AIRCRAFT COMPANY 


and stimulating technical prob- 
lems in the largest number of 
advanced propulsion system proj- 
ects in our history. Men with 
imagination and ideas are needed 
as Managers and Specialists in: 


. . « » high Mach powerplants using 
hydrocarbon fuels (Jet Engine Dept.) 


. . « » commercial jet powerplants 
(Commercial Engine Operation) 


..+ + plasma and ion power sources 
for rockets and space vehicles; 
VTOL powerplants. (Flight Propul- 
sion Laboratory Dept.) 


. . « « developing production tech- 
niques for unusual materials and 
design configurations (Production 
Engine Dept.) 


Advancement opportunities 
are multiplied— 


nearly 50% of our professional 
people earn promotion every year. 
Our engineering staff has more 
than doubled since 1955. 


e@ LOOK INTO NEW POSITIONS 

NOW OPEN IN OUR 4 DE- 
PARTMENTS IN CINCINNATI FOR 
Graduate Engineers and Scientists 
experienced in: 


MECHANICAL DESIGN 


Jet, rocket powerplants 
Turbofans 

Components 

Stress, vibration 

Heat transfer 
Turbomachinery 


HIGH ENERGY 

MATERIALS DEVELOPMENT 
Metallurgy 
Ceramics 


RELIABILITY ENGINEERING 
Powerplants 
Components 
Mathematical analysis 
Accessory & Control systems 


QUALITY CONTROL 


INSTRUMENTATION 
DEVELOPMENT 


WELDING ENGINEERING 
THERMODYNAMICS 


Send your resume to Dr. Mark El- 
wood, Bldg. 100, Dept. 60-MK. You 
will receive a prompt reply, includ- 
ing our 32 page illustrated brochure, 
“Thrust & Progress.” 


FLIGHT PROPULSION DIVISION 


GENERAL GQ ELECTRIC - 


Cincinnati 15, Ohio 
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AERODYNAMICS 


The Sandia Corporation has a need for graduates in the field of aero- 
dynamics, aero-thermo dynamics and magneto-hydro dynamics. The 
work embraces research and development in the fields of space and 
high-altitude rockets; hypersonic research; magnetic theory; supersonic 
parachutes; nuclear weapon aerodynamics; and high velocity research 
apparatus design. Applicants with B.S., M.S., or Ph.D. degrees from 
accredited colleges and good academic records are requested to write 
Personnel Department 574, Sandia Corporation, Albuquerque, N.M. 


Sandia Corporation, located in Albuquerque, N.M., is engaged in re- 
search and development of nuclear weapons and other projects for the 
AEC. Albuquerque is a modern city of about 225,000; has an excellent 
climate and many cultural and recreational attractions. Winters are 
mild, summer nights are cool, and there’s plenty of year-around sun- 
shine. Sandia’s liberal employee benefits include generous vacations, 
retirement and insurance plans, and a graduate education assistance 
program. Paid relocation allowance. 


SAN DIA 


CORPORATION 


ALBUQUERQUE, NEW MEXICO 


Check Employment Inquiry Form on Page 217 


INSELORIDAUE rene 
WE HAVE 
ELECTRONICS, TOO! 


EMR 


through Company-financed research and Com- 
pany-owned patents has built up a_ recog- 
nized record of technical leadership in the 
design and development of precision instru- 
mentation and data processing equipment, 
specializing in telemetry components and 
systems. 

Our increased scope of operation provides the 
following exceptional opportunities: 


PROJECT ENGINEER — 
GROUND SUPPORT 
EQUIPMENT 


To direct analysis of require- 
ments and development of 
ground support equipment 
for inertial instrumentation 
and systems. Establish opti- 


ee nieen: EQUIPMENT 
a ant eee eae DEVELOPMENT 
ardware group, mainta ENGINEERS 


GSE capability. Should have 
analytical and managerial 
ability and experience with 
inertial systems, digital cir- 
cuitry and systems design. 


Responsible for the development and design 
of high performance electronic equipment for 
air-borne and ground station telemetry sys- 
tems. Graduate electrical engineers with 
experience in development and design in 
several of the following areas: 
Filters, feedback circuits, amplifiers, 
R.F. circuits, pulse circuits, digital 
equipment, communication systems, pack- 
aging. 


SYSTEMS ENGINEERS 


Project responsibility for the design and 
construction of air-borne telemetry packages 
and ground data handling systems, both ana- 
log and digital. Preparation of technical and 
cost proposals is involved. Graduate elec- 
trical engineers are required who have ex- 
perience with: 

Telemetry equipment, digital data proc- 

essing systems. Air-borne component 

design, transducers, VHF antenna. 


To arrange interview call col- 
lect, Niagara Falls BUtler 
5-7851, or send resume to: 


SUPERVISOR 
ENGINEERING 
EMPLOYMENT 


BELL AIRCRAFT 
CORPORATION 
BUFFALO 5, NEW YORK 


Send resume to: John Truitt 
Personnel Manager, Department S/A 


ELECTRO-MECHANICAL 
RESEARCH, INC. 


Sarasota Florida 


November 1959 
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RESEARCH OPPORTUNITIES 


in 


SPACE 
SCIENCES 


The Space Technology Opera- 
tions of Aeronutronic has im- 
mediate need for engineers and 
scientists who are interested in 
working in the stimulating and 
highly diversified field of space 
sciences. This West Coast divi- 
sion of Ford Motor Company 
has the newest facilities and 
most advanced equipment for 
carrying out highly technical 
work — challenging creative 
work that is exceptionally re- 
warding to qualified men. 


Positions are at Aeronutronic’s 
new $22 million Research Cen- 
ter, being completed at New- 
port Beach, Southern California. 
Here, overlooking famous New- 
port Harbor and the Pacific 
Ocean, relaxed California living 
can be enjoyed free of big-city 
congestion, yet most of the im- 
portant cultural and educational 
centers are just a short drive 
away. 


AREAS OF INTEREST 


VEHICLE TECHNOLOGY 


Aerodynamic design and testing 

Rocket Nozzle and re-entry 
materials 

High temperature chemical 
kinetics 

Combustion thermodynamics 

High temperature structural 
plastics and ceramics 

Advanced structures 


SYSTEMS DEVELOPMENT 


Aerothermodynamics 

Re-entry programs 

High temperature heat 
transfer 

Penetration systems 

Hyper environmental test 
systems 


ELECTRONICS AND 
ASTRO SCIENCES 


Astro navigation 

Space communications and 
communication satellites 

Instrumentation, telemetering 
and data reduction 

Space environmental physics 

Advanced techniques and 
system studies 


Qualified applicants are inyited to 
send resumes and inquiries to Mr. 
R. W. Speich, Aeronutronic, Dept. 
11, Box 451, Newport Beach, 
California. 


AERONUTRONIC 


a Division of Ford Moter Cempany 
Newport Beach 
Santa Ana e Mayweod, California 
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TI Needs More Roy Neely’s as ce, Texas A&M 


MANUFACTURING ENGINEERS 


Men like Roy Neely are needed for planning and coordinating 
the design engineering and manufacturing of electro- 
mechanical apparatus — engineers who have 3 to 10 years 
experience with manufacturing processes, tooling, scheduling 
and costs. Such experience can be used immediately. Your 


resume will get prompt attention by John R. Pinkston. 
Department 109 


TEXAS 5\ INSTRUMENTS 

ZINCORPORATED 

: 6000 LEMMON AVENUE 
OALLAS 9. TEXAS 


PROFESSIONAL 


PLACEMENT 


Check Fmployment Inquiry Form on Page 217 


ELECTRONIC ENGINEERS 


... Positions at several levels including supervisory 
... High salaries — commensurate with ability and experience 


Interesting and challenging positions with Republic Aviation 
Corporation for electronic engineers to develop test equipment, 
methods and procedures for determining the conformance 

of complex electronic equipment to AF and Company quality 
control specifications and standards. 


Work closely with other engineering groups and electronic 
manufacturers to determine types of equipment required 
to test and simulate flight operations of radar, navigation, 
fire control, and other types of electronic systems. 


Develop procedures and methods for use of electronic test 
equipment. Assist supervision with manufacturing problems. 
Investigate malfunctioning of electronic equipment off and on 
aircraft. Prescribe corrective action. Make recommendations 
in methods and procedures as may be required to meet new 
developments in the electronic fields. 


Send resume in confidence to: Mr. William Walsh 


SEE PERESEAES AVEATIOS 


Farmingdale, Long Island, N. Y. : 
Less than 1 hour from New York City 
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careers 
an control 
of space 


For 74 years, Minneapolis Honeywell has 
pioneered and led the development and 
production of advanced automatic con- 
trols. Today, with work in this area more 
demanding and more rewarding, new op- 
portunities exist for engineers. 


PRODUCTION: Develop and establish as- 
sembly processes for a wide range of 
products. Requires background in com- 
plex devices such as gyros, acceler- 
ometers, flight systems, and a thorough 
knowledge of production processes. 

EVALUATION: Test engineer interested in 
career in development, qualification, 
reliability testing. Must be graduate 
engineer with electronic background. 

ADVANCED GYRO DESIGN: Engineers with 
two and up to twenty years’ experience 
in such areas as precision gyro mech- 
anics, servo techniques, digital data 
handling, electronics packaging, ad- 
vanced instrumentation and magnetic 
components design. 


FLIGHT CONTROL SYSTEMS: Analytical, sys- 
tems, component engineers to design 
and develop advanced flight reference 
and guidance systems. Prefer airborne 
systems or servo experience. 

FIELD SERVICE: Monitor airborne system 
performance in U.S. and overseas. Con- 
duct training, liaison with military. 
BSEE preferred, or graduate engineer 
with high electronic aptitude. 

GROUND SUPPORT: Senior engineers with 
logical design experience and engineers 
with experience in ground support or 
related areas. Outstanding growth Op- 
portunity in new division. 

If you’re interested in a challenging career in 


advanced automatic controls, write Mr. Bruce 
D. Wood, Technical Director, Dept. 65A. 


Honeywell ‘Hy 


AERONAUTICAL DIVISION 


1433 Stinson Blvd., N.E., Minneapolis 13, Minn. ‘ 


To explore professional opportunities in other 
Honeywell operations coast to coast, send your 
application in confidence to H. D. Eckstrom, 
Honeywell, Minneapolis 8, Minnesota. 
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For more 
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information... 
on Products 
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use this 
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ice number for each 
editorial item or ad- 
vertisement of interest 
in box on card. (Read- 
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appear next to all edi- 
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product index to advertising 


T HIS IS A SPECIAL REFERENCE to the product information given in the adver- 


tisements in this issue. It is intend 


of these ads. 


_ : ed solely to help the reader make the best use 
herefore the index does not necessarily cover all the products made by 


each advertiser. Also, cross-listings are not intended to exhaustively describe each 


product but merely to make sure that each product can be found with reasonable 
ease by the reader looking for it. 


Similar indexes to services and employment opportunities featured in ads follow 


this index. 


Advertisements for which complete proofs were not available to the Editorial Depart- 
ment by the closing date are not necessarily covered by these indexes. (Proofs can be 
forwarded internally by the Production Department only for advertisements meeting 
the closing dates.) 1 

For more detailed information on any product or service advertised in this issue 
or featured in its Product and Data Reviews, use the handy Reader Service Card. 
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ew Kaiser Aluminum Weldable Alloys 


Aluminum alloys 5083 and 5086 have been developed by Kaiser Aluminum 
for welded structures requiring maximum joint strength and efficiency, 
particularly those subject to impact or dynamic loading. 


Kaiser Aluminum alloys 5083 and 5086 are high 
strength, non-heat-treatable, weldable alloys of- 
fering seven distinct advantages: 


1. GREATER DESIGN EFFICIENCY FOR WELDED 
STRUCTURES. 


2. SUPERIOR WELDING CHARACTERISTICS. 
3. EXCELLENT FORMING PROPERTIES. 
4. HIGH RESISTANCE TO CORROSION. 


5. ECONOMY EQUAL TO OTHER 
NON-HEAT-TREATABLE ALLOYS. 


6. IMPROVED WELD ZONE DUCTILITY. 


7. HIGH STRENGTH IN THE AS-WELDED 
CONDITION. 


These weldable alloys are designed with im- 
proved properties for products subject to impact 
or dynamic loading. They have proved, through 
extended testing and on-the-job use by many 
industries, complete reliability under every re- 
quirement imposed upon them. 


A new amphibious, air transportable and air-droppable 
aluminum armored personnel carrier, the M113, built 
by Food Machinery & Chemical Corporation’s Ord- 
nance Division, San Jose, California, is shown being 
loaded aboard an Air Force C-124. The M113 was en- 


gineered and developed under the direction of Ord- 
nance Tank-Automotive Command U.S. Army to replace 
the steel mode! M59. The hull of the vehicle is pri- 


marily made of Kaiser Aluminum alloy 5083 plate, 


extrusions and forgings. 


FASTER WELDS POSSIBLE 


An outstanding characteristic of these high mag- 
nesium-aluminum alloys is their ability to take 
full advantage of inert-gas, shielded-arc welding 
methods. Fast, superior welds and pressure tight 
joints are thus assured. These are the strongest 
A.S.M.E. approved aluminum alloys available for 
the fabrication of unfired pressure vessels with- 
out thermo stress-relieving. 

Many military products are now being made 
better at less cost with Kaiser Aluminum alloys 
5083 and 5086. The M-113 track vehicle illus- 
trated in Figure 1 is one example. Others include 
such products as missile structures and skins, 
missile containers, cryogenic tanks, radar an- 
tenna, destroyer gun mounts, crew boat hulls, 
bridges, overhead cranes, flatbed trailers and 
armored and amphibious vehicles. 

Available in sheet, plate, forgings and extru- 
sions in annealed and rolled tempers, alloys 5083 
and 5086 make possible hundreds of new uses 
for aluminum in military applications. If you 
want further information, we'll be glad to assist 
you. Our staff of specialists in metallurgical re- 
search, product engineering and field engineer- 
ing is at your disposal. Call or write: 

Kaiser Aluminum & Chemical Sales, Inc., 1924 
Broadway, Oakland 12, California. 


FR EE I A Complete Portfolio 


On Aluminum: 
In The Defense Industry 


eo 


For your information and reference, Kaiser Alu- 
minum offers the complete results of its compre- 
hensive survey of the uses of aluminum in the 
missile industry —plus data on alloys 5083 and 
5086 as used in cryogenics and other military 
applications. For your free portfolio, write for 
“Aluminum In The Defense Industry”: Kaiser Alu- 
minum & Chemical Sales, Inc., 1924 Broadway, 
Oakland 12, California. 


TYPICAL MECHANICAL PROPERTIES OF ALUMINUM ALLOYS 5083 AND 5086 COMPARED TO ALUMINUM ALLOY 6061 AND MILD STEEL 


2 = Tee Blea eee 5086 6061 Mild Stee! 
Tensile Strength (psi) 42,000 46,000 38,000 42,000 47,000 18,000 35,000 45,000 [| ‘| _+60,000 el 
Yield Strength (psi) 21,000 33,000 17,000 30,000 37,000 8,000 21,000 30,000 Me Saal 32,000. in. 
Elongation (% in 2”) 12 10 Po 2S aaa 
Fatigue Strength, psi ae a= | eve 231000 er |i sae ee een (LS,000 i 9,000 14,000 14,000 34,000 

i i (iS agen al ames wal ee fo eee ied DRS a eal ESET ee oe) ene ve Reel |. 2S Ta 
UN aie aad 25000 Na | anf 23,000 — 27,000 12,000 24,000 iid (a ad Az SO 
Mod. of Elasticity, psi 1OlSx1 05m | ate mera ies 105 3X20 10.0x10° aS EE: 
nee a ee | =x | | 8 9 | 100% 
Reheat 
Treated 
Typical Prop. of Sound ee? oe 
Welds (Machined Flush) 
Tensile Strength (psi) | | —s|_—_—-43,500 39,000 eT ee ee 
i (96.08 27k Se eRe aI 18 
A nS Ee 5183 5356 5356 5356 E6020 


5086 


TYPICAL PHYSICAL PROPERTIES 


5086: Magnesium, 4.0% ; 


6061: Magnesium, 1.0% ; Copper, 


rs oA 10° 
68°F to 212°F (approx.) 13.2x10 13.2x10 13.1x . é 
Melting Range (approx.) 1084—-1184°F 1065-1180°F 1080-1200°F 2600-2800°F 


NOMINAL CHEMICAL COMPOSITION 
Chromium 0.10% 


5083: Magnesium, 4.45%; Manganese, 0.75%; Chromium 0.10% 
0.25%; 


Manganese, 0.45%; 


7.88 
ma 


0.60%; Chromium, 0.25% 


Mild Steel 
284 


4201B: Carbon, 0.20%; 
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Phosphorous, 0.02%; 
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Manganese, 0.60%; 


Sulfur, 0.02%; Silicon, 0.23% 


KAISER 
ALUMINUM 


THE BRIGHT STAR OF METALS 


2 


2) 
2) 
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AIRBORNE 


electromechanical system 


provides 
automatic trim control 


for T-38 


Schematic diagram shows Airborne automatic horizontal stabilizer trim 
control system on Northrop T-38 Talon. Control is achieved by d-c signals 
from 1000-ohm potentiometer on flap and followup from similar potenti- 
ometer on actuator. System functions only when flaps are lowered, with sig- 
nal light indicating completion of adjustment for flap position selected. 


MANUAL OPERATION 


—=— 10 15 VOLT, 400 CPS LINE 
SYSTEM OPERATION 


TRIM INDICATOR LIGHT 


COMMANDO POTENTIOME FAN 
CONTROL SURFACE FLAP = 


Automatic horizontal trim control 
on Northrop’s T-38 Talon high-per- 
formance jet trainer is provided by 
an Airborne electromechanical 
system comprised of an electronic 
control amplifier and an Airborne 
modular-type linear actuator. The 
system functions when the flaps are 
in use. At other times, the actuator 
is manually controlled by the pilot. 
Sealed relays especially selected 
for their reliability characteristics 
are used in the output stage of the 
amplifier to control the 115-y, 400- 
cycle supply required by the brake- 
equipped actuator. The step func- 
tion thus provided assures positive 
release of the actuator brake. 
Control is simply achieved by d-c 
command signals generated by a 
1000-ohm potentiometer on the 


CONTROL AMPLIFIER 
(R 736) 


OLLOW-UP POTENTIOMETER 


CONTROL SURFACE TRIM 
SRE 


ACTUATOR 
(LAI2-34 LINEAR) 


wing flap and followup from a 
similar potentiometer on the 
actuator. Hysteresis of the control 
circuitry is deliberately broad to 
preclude hunting. 

The entire system is designed for 
extreme compactness and light 
weight. The actuator is the smallest 
of Airborne’s modular-design 
series, weighing only 1.4 lb., yet 
providing 75 Ib. output. The con- 
trol box measures only 1.6 x 4.2 x 
3 in. and weighs just 1.2 Ib. 

Whatever your requirements in 
electromechanical control systems, 
it will pay you to check with Air- 
borne. We have the engineering 
capabilities and production facilities 
to meet almost any need. Write, 
phone or wire any one of our 
Offices, 


® 
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| 
a CW high-performance 


motors from AIRBORNE 


M-430, 440 Series 

typify capabilities 
in meeting special 
design requirements 


TYPE 

M-430 

(Fully Enclosed) 
30 6000 24 (2000 


25 5000 20 10000 


20 400016 8000 
a z 
a BoE ee 
15 3000 12 6000 


10 2000 8 4000 
5 1000 4 20001 


77 analaisnll 


° 4 8 


2 i] 
TORQUE (LB-IN) 


Typical Performance, M-430 Series, 200 v line 


M-430 Series, 3-in. frame 


Intermittent duty ratings to 1.8 hp; con- 
tinuous ratings to 1.0 hp. Available with 
magnetic brake which will stop motors 
in 22 rev. from no-load speed and pro- 
vide 30 in.-lb. holding torque. Model 
shown is a 7.5 |b. brake-equipped motor 
rated 1.5 hp at 10,000 rpm under a 
duty cycle of 0.5 min. on, 9 min. off. 


These 400-cycle, 3-phase, 115/200 v a-c motors 
were developed originally as components of 
Airborne large special actuators for aircraft/missile 
applications. Because of their useful performance 
characteristics, we now offer them separately— 
both as additions to our line of special motors 
and as examples of Airborne capabilities in their 
particular class of application. 


TYPE 


M-440 

(Fully Enclosed or 
Open Frame, 
Fan Cooled) 


12000 60 12000 


10000 © 10000 


4 4000 20 4000 


Typical Performance, M-440 Series, 200 v line 


M-440 Series, 4-in. frame 


Intermittent duty ratings to 5 hp; con- 
tinuous ratings to 2.5 hp (neither of 
these are absolute ceilings). Optional 
brake provides holding torque of 140 
in.-lb., stops motors in 20-40 rev. from 
no-load speed. Model shown weighs 
13.2 Ib. with brake, is rated 4.0 hp at 
10,000 rpm—1 min. on, 1 min. off. 


Whatever your requirements in large special high-performance motors— 
a-c or d-c—it will pay you to check with Airborne. Most likely we can 
furnish a motor of minimum weight and bulk that will meet exactly your 
specifications. Write or phone any of our offices. 


BORNE . 
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FOR COMPETITIVE REASONS, reappraise your proje} 
with an eye to ‘trimming off the fat.’’ Send tod) 
for Kaynar’s new full-line brochure of 160,000 p 
self-locking nuts. 


g , 
Let s get him there first! K2400 1-Lug Anchor Nut MK1400 Miniatl 
2-Lug Anchor Ni 


A complete line of SSIYLOSLE F2400 1-Lug Floating 
“Spaceweight” fasteners is available Pechog Rut 
now for aerospace vehicles, 
elecfronics, engines. 


} 
| 
j 
; 
e 
} 


K1400 2-Lug Anchor Nut MK4400 Minias}/ 
Short Lug Ango if 


— 
G1400 Narrow Gang Channel 


MK2400 Miniature MK3400 Mini} 
1-Lug Anchor Nut Corner Anchor by 


H23 12-Point H| 
Tensile Nut i 
|} 


, Ca? | 
H20 12-Point High H24 12-Point # 
Tensile Nut Tensile Nu® 4 
TENSILE STREN&® 
H10 meets requiremes 
MIL-N-25027, AN-N- 4 

AN-N-10 (NAS679) (A 
364, 365) (MS21041F 
use on 125,000psi. |) 
and screws. | 


TENSILE 
STRENGTH 


160,000psi. 
160,000psi. 
160,000psi. 


sabre he : 160,000psi. 
MK4400 | oF 160,000psi. 


G1400 Lie 160, 000psi. 


160, 000psi. 
__MK2400 | 550°F. | 160,000psi. 


2 _MK3400 | aks 160,000psi. 


Re igus , sites 160, 000psi. 
KAYNAR MFG. CO., INC.—KAYLOCK DIVISION | ASAT OIY® ae Bane 


ALL METAL SELF-LOCKING NUTS ® = = 

World’s largest and oldest manufacturer of lightweight, all-metal, self-locking nuts. Home office and plant: Box 2001, Apy Oohee 

Terminal Annex, Los Angeles 54, California. Branch offices, warehouses and representatives in Wichita, Kansas, New iano RE LE PT 

York, N.Y., Atlanta, Georgia. Canadian Distributor: Abercorn Aero, Ltd., Montreal, Quebec. v °F. | 220,000psi. 
: {= 

q 4 . | 125,000psi. 


Trade Mark 


All configurations shown are available i 
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designed for ACCURATE testing 
designed to SAVE man-hours... 


THE CHATILLON 


RUNNING TORQUE TESTER & DYNAMOMETER 


If you test fractional H.P. motors, 
the only fast, accurate and economical way 
to do itis with a Chatillon Running Torque 

Tester and Dynamometer. 

These testers are accurate to within 

1% of 1% of full load and can test a motor 
within 9 seconds. NOW available 
with a decade counter 

| tachometer system for accuracy 
\ to + .1% of actual speed, 
plus + 1 count. 


Model 320 DY 


OUTSTANDING FEATURES: 


© Torque Capacities range from © Tachometer Accuracy: 
x es Me es to 24 |b. ft. 1% of full scale with electric tachometer. 
peed Range up to 50,000 RPM + .1% of actual speed plus + 1 count with 
cy Shas Dissipation varies from: decade counter tachometer system 
gies teed eee 4H.P. e Temperature Compensated Springs 
gs z Seen o 8 HP. Made of Chatillon Iso-Elastic® material 
minutes—. -P. to 16 H.P. e Automatic Overload Protection 


Special Units can be designed to meet specifications. 


WRITE FOR ILLUSTRATED BROCHURE 
WRITE FOR DEMONSTRATION ___ DEPT. S$ 


JOHN CHATILLON & SONS 


85 CLIFF STREET, NEW YORK 38, N.Y. 


Manufacturers of Scales, Force Measuring Instruments and Precision Springs Since 1835 
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The 15 Series valved coupling automatically snaps off the flow of 
Sa aman eich cecities case yeh ett on es the most volatile fluids when disconnected—with no leakage. 


To use Snap-Tite Valved Coupling: Snap-Tite’s 15 Series valved coupling contains valves in both sec- 

= tions. Thus, the only fluid lost is that which clings to the outer 
metal surfaces. This coupling meets military specifications and can 
be used with fuels and other fluids to 3000 psi working pressure 
and 400°F. Sizes: 14”, 14”, 34”, 1” in 6061T6 aluminum anodized; 


3%” in steel (electroless nickel plated), and 606116 aluminum. 


cere eeoe 


Snap-Tite can provide the right valved coupling—with quick off-on 
action wherever coupling or shut-off is required—for most any use, 
most any fluid. 


For more information, write *% 
for Snap-Tite Catalog 1). 
Snap-Tite representatives in 
all principal cities. 
BNE f=) 


DISCONNECT=—Stop flow instantly 


UNION CITY 14, PA. 
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To further serve the diversified missile industry 
MINNESOTA MINING and MANUFACTURING COMPANY 


announces and offers the services of tts 


MISSILE 
| INDUSTRY 


LIAISON 


For a cross-section view of 3M Company 
products for the industry, send for your free copy 


More than 27,000 products are manufactured by 
Minnesota Mining and Manufacturing —the 3M 


Company. Every day, more and more 3M pro- 
ducts are playing important parts in missile and 
space operations. 

The technical and sales staffs of some fifteen 
3M divisions, subsidiaries and groups make daily 
contacts with missile manufacturers and sub- 
contractors. Their efforts are implemented by 22 
divisional and four staff research laboratories. 

However, like the missile industry, the 3M 
Company is a growing and a diversified opera- 
tion. The use of 3M products and capabilities 
increases every day. 

To further serve this growing, diversified in- 
dustry, 3M has formed the Missile Industry 
Liaison. This group, staffed by technical per- 
sonnel experienced in rocket propulsion and 
other phases of space technology, is well quali- 
fied to translate your problems to those 3M 
specialists in your field of interest. Too, informa- 
tion on all 3M Company products—or interests 
applicable to missile research, development or 
production—is thus available to you through 
one convenient source. 


Lem >>. 
TMianesora Jfinine ano TMIANurFacturinGc company (3M } 
¥ 


-+-WHERE RESEARCH IS THE KEY TO TOMORROW \X 


Write in No. 144 on Reader Service ( 


of the brochure ‘‘Products and Capabilities.” 
Write: Missile Industry Liaison, 400 McKnight 
Road, St. Paul 6, Minnesota. 

The Missile Industry Liaison is associated 
with these 3M divisions and subsidiaries: 


acai mony eet epaeNRD eT 


Zenith Plastics Company | 
Reinforced Plastics Division 
Electrical Products : 
American Lava Corporation 
Irvington Division 
Mica Insulator Division | 
Magnetic Products Division 
Central Research Group 
Mincom Division 
Duplicating Products Division 
Reflective Products Division 
Industrial Trades Tape Division 
Mid-States Gummed Paper Division © 
Chemical Division : - 
Adhesives, Coatings, and Sealers Divisio 
Coated Abrasives and Related : 
Products Division 


For more information on 3M products, contact 
your 3M representative or the Missile Industry 
Liaison, 400 McKnight Road, St. Paul 6, Minn. 


MISSILE 
INDUSTRY 
LIAISON 
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equipment briefs 


STEPPING TRANSISTOR 


NEW transistor element de- 

veloped at Bell Telephone 
Laboratories, 463 West St., New 
York 14, N.Y., is shown here mag- 
nified about 45 times. Essentially, 
the four-terminal device acts as 
a pulse-controlled on-off switch. 
Forming the basic building block 
of a silicon stepping transistor, it 
can be used as a basic stage for 
certain logic circuits in digital com- 
puters, as for counting and de- 
coding. 

The element is mounted on a 
gold-plated Kovar header. The 
leads are thermo-compression- 
bonded to gold-silver alloy con- 
tacts. The stepping transistor can 
be made either of interconnected 
elements or on a single piece of 
silicon. In the latter form, it fol- 
lows the “functional device” ap- 
proach to microminiaturization. 

The stepping transistor itself is 
the result of research at Bell Labs 
that was begun during 1954. The 
aim of this work was to build a 


semiconductor device that would 
emulate the function of a gas step- 
ping tube, particularly as a high 
speed digital counter. 

Presently in prototype form, the 
transistor uses a PNPN device as 
the bistable element. The resulting 
structure has a bistable voltage- 
current characteristic between a 
single common electrode and a set 
of multiple electrodes. Asymmetric 
geometry is used to get unidirec- 
tional voltage transfer. 

Unlike the gas stepping tube, the 
transistor doesn’t require close 
proximity between stages. Its ele- 
ments, which make up separate 
four-terminal stages, therefore can 
be encapsulated separately and 
connected externally. 

The operating current level is 
1-100 ma with supply voltages of 
10-100 V. Prototypes have been 
operated at speeds of up to 1,000.- 
000 pps. Write in No. 65 on 
Reader Service Card for more in- 
formation. 


MT 


HOT-GAS MOTOR 


NEW energy converter de- 
veloped by Vickers Inc., 
Detroit 32, Mich., for hot-gas sys- 
tem operation is based on the de- 
sign of the company’s standard 
piston-type hydraulic motor. 
Important differences are the 
use of special heat-resistant ma- 
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terials and improved contaminant 
tolerance. Also, the valve has been 
modified to permit optional gas in- 
let cutoff (partial admission) for 
adiabatic expansion. The unit 
shown here weighs 2.5 lb and can 
put out 8.9 hp. 

The motor can run off propel- 


lant-generated gases or hot gases 
bled from the prime propulsion sys- 
tem. In its development program, 
Vickers used solid propellant gen- 
erators that provided gas pressures 
of 1000-2000 psi and combustion 
supply temperatures of up to 2300 
deg F. Over 100 runs have been 
made on single units, says Vickers, 
each run averaging over a minute. 

In one series of tests, Vickers 
used the products of the combus- 
tion of hydrogen and oxygen. It 
reports that, despite combustion 
temperatures of over 5000 deg F, 
the test motor showed no ill ef- 
fects. Write in No. 56 on Reader 
Service Card for more informa- 
tion. 


Ua RT 


INFRARED COOLER 


TINY cooling device that su- 

per-chills infrared detection 
equipment to 60 deg K (—350 deg 
F) has been developed by Arthur 
D. Little, Inc. The eight-ounce de- 
vice is the result of a two-year 
study of extreme low temperature 
equipment. The miniature closed- 
cycle cooler is suited to operation 
in aircraft and missiles. 

Helium expands under 300 psi 
in a two-inch-long, 14 -in.-diameter 
cylinder. The only moving part is 
a tiny plastic piston that operates 
below room temperature. Hamil- 
ton Standard Div., United Aircraft 
Corp., Windsor Locks, Conn., pro- 
duces the device under license 
from ADL. Write in No. 66 on 
Reader Service Card for more in- 
formation. 
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The Hand 
with the 


GOLDEN 
TOUCH 


uses 
A.W.Faber- 
Castell 

with 
BLACK 
GOLD 


Graphite 


Engineers, architects, designers and draftsmen agree that 
there is enough agony in the creative process without 
inferior pencils adding toit. Whether your job is to conceive 
or interpret, your work is easier with CASTELL, the drawing 
pencil with Black Gold Graphite that gives the “‘Golden 
Touch” to your fingers. 


CASTELL gives wings to the flight of your imagination. 
It glides without grit or hard spot. More than 99% pure 
carbon, CASTELL gives true value in each of 20 superb 
degrees, 8B to 10H. One degree gives you gossamer-thin 
lines, another gives you bold blacks. It’s your perfect 
transfer agent that transforms your grey matter into 
black matter. 


—excellent reproduction. 


Castell. Leads and Pencils draw on all surfaces, including Mylar- 
based polyester drafting films. Give perfect lines, easy to erase 


It costs no more to work with the world’s finest 
drawing tools— imported CASTELL wood pencils, CASTELL 
lead and new functional design LOCKTITE TEL-A-GRADE 
holders, with the bulldog grip clutch. Order from your 
dealer today. 


Choose from: #9000 CASTELL Pencil. #9007 
CASTELL with Eraser. #9800SG LOCKTITE TEL-A- 
GRADE Holder with new functional spiral grip and degree 
indicating device. #9030 CASTELL Refill Lead matching 
# 9000 pencil in quality and grading, packed in reuseable 
plastic tube with gold cap. Other styles and colors of 
pencils, holders and refill leads. 


| 
.| “Sunset” 
Photo courtesy of 
The Budd Co, and — 
Southern Pacific Railroad. 


Se 


CRSTELL 


BACKED BY NEARLY 200 YEARS UNINTERRUPTED 
MANUFACTURING EXPERIENCE — SINCE 1761 


A.W.FABER-CASTELL Pencil Co., Inc. 
Ree Newark 3, N. J. 
Write in No. 145 on Reader Service Card at start of Product Preview Section 
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TAPE RECORDER 
weighs 102 ounces 


Leach Corp., 5915 Avalon Blvd., 
Los Angeles 3, Calif., has devel- 
oped a 10'%2-o0z. tape recorder 
that records data on space ve- 
hicles or underground drilling 
with equal facility. It is so small 
that even a child can hold it in 
its hands (as in this picture). 
Leach claims it is the smallest 
recorder in the world. It will reg- 
ister information about air or 
space flight on 1-16 channels on 


product 
of the month 


a continuous tape, which will 
then play back to earth receivers. 
The recorder has a high resist- 
ance to shock (over 2000 g) and 
an extremely low power con- 
sumption of 142 W. It occupies 
14 cubic in. of space. 

The recorder considered to be 
the world’s smallest before the 
development of this one weighed 
24 oz and was also developed 
by Leach. 


Write in No. 146 on Reader Service Card at start of Product Preview Section 
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SPINDLES 
feature electrolysis 


“Endless versatile variations” in de- 
sign, sizes, and accessories are 
claimed for its line of “super pre- 
cision ’spindles by The Standard Elec- 
trical Tool Co., Dept. S/A, 24858 
River Rd., Cincinnati 4, Ohio. Power 
and speed can be varied from 1 to 20- 
hp and 600 to 7600 rpm, respectively. 
Depending on the application, multi- 
ple speed on direct motor drive or 
variable speed on belted motor drive 
can be used. 

DC power supplies from 50 to 3000 
amp may be used with current spin- 
dle designs. Electrolytic material re- 
moval is done by low-voltage, high- 
amperage dc delivered by a power 
supply that converts ac from an 


ordinary power source. 
Write in No. 293 on Reader Service Card 


COAX-COUPLER IS 
extremely flat 


Limiting frequency response varia- 
tion to only 0.2 db over a full octave 
these couplers also present a devia- 
tion of mean value from nominal of 
only +0.3 db, says Narda Microwave 
Corp., Dept. S/A, 118-160 Herricks 
Rd., Mineola, N.Y. 

Vibration accuracy is +0.1 db. Six 
models cover a frequency band from 
240 to 1100 me with a nominal cou- 


pling value of 20 db. 
Write in No. 294 on Reader Service Card 


CASTING RESIN ABSORBER 
for waveguides 


Eccosarb CR is a casting resin 
which can be used to mold to size 
waveguide terminations, attenuators 
and loads. When cured, it has a high 
attenuation over the full microwave 
frequency range, says Emerson & 
Cumming Inc., Dept. S/A, 869 Wash- 
ington St., Canton, Mass. 

Eccosorb CR is supplied as a 2- 
component liquid system. The ma- 
terial can be cured to a rigid plastic 
which will reproduce mold dimensions 
accurately. It can then be readily 
machined, if required. Cure can be 
done at room temperature or rapidly 
at elevated temperature. 

Write in No. 295 on Reader Service Card 
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SUB-CARRIER OSCILLATOR 
is reactance controlled 


Model RCO-2 reactance controlled 
modulator is designed for use with 
Ultradyne single-coil pressure and 
acceleration transducers where it is 
desirable that the transducer and 
the oscillator be separated, says UI- 
tradyne Inc., P.O. Box 3308, Albu- 
querque, N.M. 

The unit is furnished for operation 
at any of the IRIG bands, as well as 
subcarrier frequencies much _ higher. 
When the oscillator is used with Ul- 
tradyne Types S-60-TG and S-90-TG 
pressure transducers or Types A-60- 
TG and A90-TG accelerometers, non- 
linearity does not exceed +1 per 
cent. 

Write in No. 296 on Reader Service Card 


RF POWER AMPLIFIER 
for telemetry transmitters 


Model A-25 Power Amplifier fea- 
tures miniature construction, stabilized 
circuitry, and improved thermal char- 
acteristics. A full 25 watts output is 
obtained with a 2 watt input drive, 
input and output nominal 50 ohms 
in the 215 to 260 megacycle band, 
says Daisett Labs, Inc., Dept. S/A, 
401 East Boyd, Box 862, Norman, 
Okla. 

Only 42 cu. in and 1.5 lb, the 
supply requirements are 450 volts, 
plate; 225 volts, screen; and either 
6.3 or 12.6 ac/dc, filament. Unique 
circuitry and sectionized mechanical 
construction permits full power opera- 
tion without the need of blowers or 
other forced air cooling method. 

Write in No. 297 on Reader Service Card 


SILICON RECTIFIERS 
are efficient 


Each unit in this series of high- 
quality silicon rectifiers for military 
and industrial applications offers peak 
inverse voltages of 100 through 400 
V. One-cycle average reverse current 
is limited to 150 microamp maximum 
when rectified output is 250 ma and 
ambient temperature is 150 deg C, 
says Motorola, Inc., Semiconductor 
Products Div., Dept. S/A, 5005 E. 
McDowell Rd., Phoenix, Ariz. 

Forward rectified currents are 1.5 
amp and 250 ma at 25 deg C and 150 
deg C ambient. The welded, her- 
metically sealed, single-ended pack- 
age is designed for use with both 
printed circuit and chassis construc- 
tion. Units are designated INI563A 
through INI566A. 

Write in No. 298 on Reader Service Card 


TRANSDUCER 
for linear motion 


Linear motion measurement or 
gaging with accuracy to .0001 in in 


ranges up to .120 in is accomplished 
with this model 102A-120 displace- 
ment transmitter which provides an 
electrical output precisely propor- 


tional to displacement of its spring 


loaded plunger, says Daytronic Corp., 


Dept. S/A, 216 S. Main St., Dayton 
2, Ohio. A threaded shank and lock 
nut allow secure and precise posi- 
tioning in a simple mounting flange. 
An inductance device, the unit is 
said to have no sliding electrical con- 
tacts, maintains calibration indefi- 
nitely, and is relatively unaffected by 
mechanical shock, temperature or at- 

mospheric pollution. 
Write in No. 299 on Reader Service Card 


OXYGEN HOSE 
resists fraying, snagging 


This oxygen hose is not subject to 
fraying and snagging and is said to 
offer increased flexibility as well as 
being highly resistant to abrasion and 
scuffing, according to Dayton Rubber 
Co., Strato-Safety Mfg. Div., Dept. 
S/A, Torrance, Calif. It meets all 
MIL-T-7188 specifications. 

Write in No. 300 on Reader Service Card 
more on page 247 
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g No.l4 ¢ Mars Outstanding Design Series 


be Among the famous 

= imported Mars draft- 

je ing products are: 

ay Left — 1001 Mars- 

c Technico push-but- 

w ton lead holder. 

an Above — 1904 Mars- 

sud Lumograph drawing 

= leads, 18 degrees, 

o EXB to 9H. Below — 

= 2886 Mars-Lumo- 

fi graph drawing pen- 

ms cils, 19 degrees, 

z EXEXB to 9H; 2830 

S Mars-Lumograph Du- 
ralar—for drafting on 

- Mylar®-base tracing 

' film —5 special de- 

aig grees, K1 to K5; Mars- 

ax Lumochrom colored 

5 

= 

a 

bial 

a) 

= 

= 

a 
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SQUARE WHEELS? Yes... square wheels. Operating 


by means of a floating axle and cam gear, they take the bumps out of 


drawing pencils, 24 
shades. Not shown — 
Mars Pocket-Technico 
for field use; Mars 
pencil and lead sharp- 
eners; Mars Non-Print 
pencils and leads. 


rough terrain and provide more traction. U.S. Patent No. 2786540 
has been granted to designer Albert Sfredda of Bethlehem, Pa., for 
his invention. 

The square shape gives superior traction in mud, sand, snow or 
uneven terrain. The flat surfaces of the wheels bridge the ruts instead 
of sinking into them as do round wheels. The wheels can be in any 
relative position, do not need to be synchronized—yet they run smoothly. 


Mars Products are 
available at better 
engineering and 
drafting material sup- 


Designed for use on heavy trucks, jeeps, farm or construction machinery, pliers. 
speeds up to 35 miles per hour can be attained. ee ; 
eas : anew Sep @ PONT’ 
This ingenious departure from age-old precedent is just one example oe 'T.M.\FOR darOnT's POLYESTER HEM 


of the contributions that today’s designers are making. To help them 
translate their pace-setting ideas from concept to reality they require 
the best of drafting tools. 

In pencils that means MARS, long the standard of professionals. 


on 


10's going places... 


Pon as it looks MARS 


Sold at all good engineering and drawing material suppliers ¢« J. S. STAEDTLER, INC. e Hackensack, N. J. 
Write in No. 147 on Reader Service Card at start of Product Preview Section 
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the pencil that’s as 


We 


produce 
results! 


There is much talk in the industry about state- 
of-the-art capability in stainless honeycomb 
sandwich fabrication. Actual production expe- 
rience in this new field of exotic materials and 
structures still is limited to a relatively few 
companies. And Aeronca is one of them. 

At Aeronca, we have fully integrated design, 
tooling and production facilities in operation 
today. A pioneer in stainless honeycomb devel- 
opment, Aeronca has acquired advanced tech- 
nological knowledge from proprietary R&D 
programs and production of components for 
operational air weapon systems. 
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OK OK OKOOOPOO DI? 

The supersonic speed brake assembly illus- 
trated below is an example of our capability. 
This design, one of the most intricate brazed 
stainless structures produced to date, is 75” 
long, 461%” wide and 314” deep. Its complex 
cross-section required extremely precise form- 
ing and machining as well as special tooling 
and process control. , 


Whatever your honeycomb requirements, you 
can save time, expense and headaches by uti- 
lizing our extensive experience and facilities. 
Our customers will verify that Aeronca pro- 
duces results ... not claims! 
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PRODUCT PREVIEW 


Adjustable Diameter and Open 
, THOMSON 


CALIBRATION UNIT 
provides accurate voltages 


The Model 55 Calibration Unit 
is an automatic voltage calibrator de- 
signed to provide a highly accurate 
signal source for checking the ac- 
curacy of voltage signals, says Beck- 
man Systems Div., Dept. S/A, 325 
No. Muller Ave., Anaheim, Calif. 

The unit may be used manually 
or automatically with 12 measuring 
devices and their associated transduc- 
ers. A remote cal’bration run may be 
programed into the unit by using 5 
available remote control leads. 

Write in No. 365 on Reader Service Card 


STORAGE SYSTEM 


uses nuclear energy 
Adjustable Diameter 


BALL BUSHING 
for Zero Clearance 


Energy storage systems powered 
by nuclear batteries and capable of 
storage densities exceeding 10 million 
ergs/cubic inch are announced by 
Radiation Research Corp., Dept. S/A, 


1114 First Ave., New York 21, N.Y. The BALL Bearing ff 
The basic unit utilizes a nuclear bat- 
tery with a specially designed low for all your at i 


leakage, high voltage, storage capac- 
ity and a voltage regulator tube for 
applications requiring constant avail- 
able energy over long periods of time. 
The nuclear battery uses Krypton 
85 and is said to be free from the 

hazards of ingested radioactivity. 
Write in No. 366 on Reader Service Card 


PRECISION SYNCHROS 

perform at high temperatures 

we : Open BALL BUSHING 

Precision Series ‘‘A’’ and _ for Zero Clearance on 
Low Cost Series ‘'B’’ BALL BUSHING Supported Shafts 


uv 


Sliding linear motions are nearly always LQW FRICTION - ZERO SHAKE OR PLAY 
troublesome. Thousands of progressive 


engineers and designers have solved this ELIMINATE BINDING AND CHATTER 
problem by application of BALL BUSH- sive siIDING LUBRICATION PROBLEMS 


INGS on guide rods, reciprocating shafts, 


push-pull actions, or for support of any LONG LIFE > LASTING ALIGNMENT 


Size @ 


A series of size 8 and size 11 mechanism that is moved or shifted in a 
eae designed to operate ef- straight line. The various types cover a shaft diameter 
fectively over a temperature range of Improve your product! Up-date your range of 3" ‘to 4”. Small sizes available 
Boe deg aS UO sar 2AU deg OPO design and performance with Thomson — in Stainless Steel. Write for literature and 
Kearfott Co., Inc., Dept. S/A, 1500 BALL BUSHINGS! name of our representative in your city. 


Main Ave., Clifton, N.J. Both types 
are 400 cps synchros and have a 
maximum error from electrical zero 
of 10 minutes. 


Write in No. 367 on Reader Service Card 
more on next page 
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THOMSON INDUSTRIES, Inc. 


Dept. MANHASSET, NEW YORK 


‘oes Also Manufacturers of NYLINED Bearings... Sleeve Bearings 
of DuPont Nylon, and 60 CASE... Hardened and Ground Steel Shafting 


How, today, does a man 
advance most rapidly? 


Your present ability and potential in a space-age specialty 
are important to Chance Vought. And you know from expe- 
rience that advancement comes quickest when ability can 
be used immediately, demonstrated to the fullest. 


Five divisions at Chance Vought now make it easier for 
the professional man to pinpoint the area that will make 
the fullest demands on his talents... and that will advance 
him accordingly. Vought’s five divisions also provide a 
balanced backlog that means diversification, plus the fresh 


challenge of working with new knowledge. 


AERONAUTICS 


" ASTRONAUTICS | 


AERONAUTICS DIVISION 


Developing new generations of manned _ aircraft, atmospheric 
missiles, antisubmarine apparatus. Current work includes Navy- 
sponsored studies in submarine detection and classification; 
production of three versions of F8U Crusader aircraft. 


ASTRONAUTICS DIVISION 


Concentrating on advanced vehicles for space exploration and 
on ballistic and anti-ballistic missile systems. Supplying four- 
stage Scout research rockets and launchers to NASA. Participa- 
tion in the competition for the development of the Dyna-Soar 
boost-glide vehicle. 


ELECTRONICS DIVISION 


Developing, manufacturing, marketing military systems includ- 
ing antennas and related electronics, ground support electronics, 
and antisubmarine apparatus. 


RANGE SYSTEMS DIVISION 


Establishing and operating test ranges and test equipment for 
missiles and space vehicles. Twelve years’ experience in remote 
base operation. 


RESEARCH DIVISION 


Looking forward to a new Research Center. Basic research 
into astronautics, undersea warfare, the life sciences (relating 
to the human factors of flight), electrogravities and other areas. 


One Vought division may well stand out today as a place 


for your most rapid advancement. Why not write for 
further information? 


Professional Placement Office 


Dept. O-11 


You live at a discount in Dallas. In Texas there are no state 
income tax and no local or state sales taxes. Low school and 
property levies add to your savings. Home construction costs — as 
well as house and apartment rentals —are below the national 
average, Fuel costs are negligible, and most groceries cost less. 
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Check Employment Inquiry Form on Page 217 
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DELAY LINES 
are potentiometer type 


This standard potentiometer model 
comes in a conventional 3 in dia 
case, with delay time varying from 3 
to 30 usec., says Deltime, Inc., 608 
Fayette Ave, Mamaroneck, N.Y. 

The shaft rotation is 210 deg. A 
locking device can be provided for 
high vibration applications. Delay 
lines are available on special order, 
with delay times ranging into the 
millisec. 

Write in No. 368 on Reader Service Card 


STAINLESS ALLOYS 
are strong and hard 


A group of molybdenum contain- 
ing alloys of the 18-8 type and de- 
signated as PH55 series have high 
strength and hardness with great re- 
sistance to corrosion, particularly of 
the pitting type and to the effects of 
velocity and suspended abrasions, ac- 
cording to Copper Alloy Corp., Dept. 
S/A, Hillside, N. Y. In the high 
temperature field (1000-1400 deg F) 
these alloys are said to be suitable 
in applications where corrosion re- 
sistant parts are subject to stress and 
shock. 

Write in No. 369 on Reader Service Card 


ELECTRONIC COMMUTATOR | 
has 24-Ke sampling rate 
| 
| 


The Radiplex Commutator is avail- 
able in two models. The high-level 
unit has a full-seal input of +10V 
with a resolution of +10uV, says Ra- 
diatron Inc., Dept. S/A, P.O. Box 87, | 
Melbourne, Fla. 

Both models have a 50-channel ca- } 
pacity and a 24 ke sampling rate. 
Other features include complete solid- 
state circuitry, asynchronous opera- 
tion, high common-mode noise re- 
fection, and self contained power 
supply. 

Write in No. 370 on Reader Service Card 
more on page 251 
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CAPSULE REPORT ON LIQUID FLUORINE 


from General Chemical 


Availability 


Forms of Shipment 


Materials 
for Handling 


Literature 


First in Fluorine Chemistry 


‘November 1959 


llied 


Right now the use of fluorine-burning rocket motors, particu- 
larly for the second and third stages of bipropellant rocket sys- 
tems, is receiving increased attention, Reason? Liquid fluorine 
in combination with such fuels as ammonia, hydrazine and liq- 
uid hydrogen can deliver super-high energies characterized by 
specific impulse values in the range of 300-430 seconds. 
Liquid fluorine is today readily available in large quantities 
at prices lower than you may think. As America’s foremost 
supplier of fluorine, we bring you the following capsule report 
on liquid fluorine. We are prepared to work with you coopera- 
tively in many areas if you wish to investigate fluorine more 


closely. 


Readily available from two producing locations: 
Metropolis, Ill. and Baton Rouge, La. 


In 5,000 Ib. tank transports. 


At present production levels, fluorine is priced substantially lower 
than many people have thought. 


Tank transports of liquid fluorine cost less than $4.00 per lb. 


Handled safely in many standard materials of construction such as 
aluminum, copper, brass, steel, stainless steel, Monel, and nickel. 
We can offer constructive suggestions on preferred methods. 


“‘Fluorine’'—21 page technical data bulletin 
“Liquid Fluorine Unloading Procedure” 


Available free upon request on business letterhead. 


hemical 40 Rector Street, New York 6, N.Y. 


Write in No. 210 on Reader Service Card at start of Product Preview Section 
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This is General Electric’s “white room,” 
where special, ultra-reliable miniatur- 
ized relays are painstakingly adjusted, 
inspected, and tested. On certain super- 
critical applications, particularly those 
involving dry-circuit switching, a tiny 
speck of dust could cause a sealed relay 
to malfunction, possibly resulting in 
failure of an entire electronic system. 


To prevent such costly failures, Gen- 
eral Electric has installed this special 
“white room” where elaborate precau- 
tions are taken to maintain a dust-free 
atmosphere for assembly of ultra- 
reliable sealed relays. Regular checks 


Write in No. 151 on Reader Service Card at start of Product Preview Section 


eocvnronppyene F 


All the dust in this room 
could hide under this dot 


insure that dust in the air does not ex- 
ceed 20,000 particles per cubic foot. 
Compare this with well over a million 
particles per cubic foot in the average 
home or Office. 


But this dust-free assembly room is 
only part of General Electric’s relia- 
bility story. Design leadership, such as 
produced the Unimite—world’s small- 
est one-amp relay—and advanced man- 
ufacturing techniques—including a new 
inert-arc welding process to eliminate 
contact-contaminating solder and flux 
—consistently produce superior relays. 
Then, General Electric conducts ex- 


tests to prove extreme reliability. 

Relay applications differ widely 1)! 
performance requirements. Whateve 
your application, General Electric cai! 
offer sealed relays designed, built an 
tested to comply with your requirdi) 
ments. Call your G-E Apparatus Sald! 
Engineer today or mail the coupon ¢| 
right. General Electric Co., Specialt 
Control Dept., Waynesboro, Va. 


Progress /s Our Most Important Product 


GENERAL @@) ELECTRI 


f 


There’s a G-E sealed 
relay for every 
circuit need — every 
reliability requirement 


G-E miniature, sub-miniature, micro- 
miniature and Unimite relays combine 
small size with unusual reliability under 
severe temperature, shock and vibration 
conditions to make them ideal for elec- 
tronic jobs, both military and commer- 
cial. G.E.’s complete line of sealed relays 
includes these basic types: 


MINIATURE: Long-life type; 
rated 5 amps at 28 volts d-c; 
in 2- or 4-pole double throw 
and 6PNO forms. Ideal for 
ground applications. 


SUB-MINIATURE: 2 amps at 28 
volts d-c, 115 volts a-c, double- 
pole double-throw. Excellent 
thermal life. 


MICRO-MINIATURE: Crystal-can 
type, double-pole and new 
welded 4-pole units. Rated 2 
amps, 28 v d-c or 115 v a-c. 
Grid-space terminals available. 


i UNIMITE: The world’s smallest 

l-amp sealed relay; single-pole 
i type. Isolated contact chamber, 
H high speed 1.5 millisecond 
operation. 


General Electric Co. 
Section D792-14 
Schenectady 5, N. Y. 


Please send me a free copy of the 
1959-60 Sealed Relay Catalog. 


Name 


Address 


City State _ 


GENERAL @@ ELECTRIC 


Write in No. 151 on Reader Service Card 
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GANTRY FURNACE 
for rocket motor cases 


# 


This controlled atmosphere hard- 
ening furnace with bottom loading 
and discharging, spans a pit contain- 
ing an atmosphere quench chamber, 
a salt quench tank, rinse tank, and 
draw furnace. It is designed for use 
in production of rocket motor cases. 
The furnace shell, 11’ in diameter 
x 85’ deep, is welded gas tight 
throughout to prevent contamination 
of the atmosphere by air infiltration 
and will accommodate a loading fix- 
ture with an effective work load 24’ 
long by 6’ 8” in diameter. Heating 
elements employed for temperatures 
to 2050° F are of 80% nickel—20% 
chromium analysis and are mounted 
on the refractory in tiers so as to 
provide 500 KW in five zones of 
control, says Lindberg Engineering 
Co., Dept. S/A, 2450 W. Hubbard 
St., Chicago 12, Ill. 

The furnace is mounted on four 
wheels on 18’ centers with rails which 
allow the furnace to travel along the 
57’ length of the furnace pit. 

Write in No. 371 on Reader Service Card 


DRIVER TRANSISTORS 
have a current gain of 150 


These germanium driver trans‘stors 
can be used in audio amplifiers, 
audio oscillators class A and B ampli- 
fiers, power switches, servo control, 
relay drivers and motor controls, says 
Bendix Aviation Corp., Red Bank 
Div., Dept. S/A, Eatontown, N.J. 

Designated 2N1008-A-B and con- 
tained in the JEDEC TO-9 package, 
dissipates 400mw at 25 deg C and 
67 mw at 75 deg C. The series has 
a voltage range from 20 to 60 V, 
and a maximum current gain of 150 
combined with high linear current 
gain characteristics to permit switch- 
ing application and lower distortion 
output. 

Write in No. 372 on Reader Service Card 
more on next page 


priceless 


When your priceless test 
data are recorded on film, 
you will find no more reli- 
able source of film process- 
ing than CFI. At CFI all of 
your film requirements... 
for sales, training, and 
visual aids, 16 or 35mm, 
will receive the most care- 
ful attention. 


CFI UNDERSTANDS your film 
problems. CFI has processed 
the invaluable film records 
of many vital projects. CFI 
recognizes the need for 
uncompromising quality and 
fast action. 


CFI FACILITIES are com- 
plete...and modern. CFI 
has developed many new 
processes and is the leader 
in its field. CF] has com- 
plete security clearance, 
assuring safe handling of 
highly classified material. 


CFI EXPERIENCE includes 40 
years as the nation’s larg- 
est and most progressive 
organization, with complete 
lab facilities in both Holly- 
wood and New York. 


FOR COMPLETE INFORMA- 
TION on capabilities and 
service available, write or 
call for a sales representa- 
tive. 


on me 


PEPPER yy 


CONSOLIDATED FILM INDUSTRIES 
959 Seward St., Hollywood 38, Calif. * HO 9-1441 
§21 West 57th St., New York 19, N.Y. ¢ Cl 6-0210 


Write in No. 242 on Reader Service Card 
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MOTOR DRIVEN HYDRAULIC PUMP 


Assures Dependable Power 
for Integral Loading Steps on 
Lockheed Prop -Jet Electra 


Model 100-849-21 has very successfully met military 
and commercial aircraft requirements of long life and 
dependability. This model is representative of a series 
of similar units designed and developed by Great Lakes 
to satisfy special requirements. 


Great Lakes can save you time and money by incorporat- 
ing existing units in your design plans at an early stage. 
You will find that our Engineering, Designing, Testing 
and Production Ability will augment your own facilities. 


Model: 100-849-21 
SPECIFICATIONS: 
CAPACITY....0.2 GPM minimum at 3,000 PSI outlet. 


DUTVACY CUE rs ae Continuous at 3,000 PSI 
[UL Si Saari eRe eY ir 500 hours per Mil-P-5954A. 
WEIGHT cere eae eee eee 7.9 pounds. 
CURRENT............ 30 Amps. Maximum at 3,000 PSI 


and 26 Volts, D.C. 


Some of the complete line of products designed 
and manufactured at Great Lakes 


Pneumatic Fuel Water Alcohol Hydraulic 
RELIEF PRESSURE MOTOR DRIVEN RELIEF 
VALVE REGULATOR PUMP VALVE 


Write today, for complete information on Great Lakes 
PNEUMATIC-FUEL-HYDRAULIC Components. An ex- 


perienced Sales Engineer is available to discuss your 
requirements. 


GREA KES 


MANUFACTURING CORPORATION 
4223 Monticello Boulevard ° Cleveland 21, Ohio 


Write in No. 152 on Reader Service Card 
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SPACE CLOTH 
has controlled resistivity 


A series of thin sheet materials of controlled resistivity, 
dielectric constant and dissipation factor for use in a variety 
of microwave applications has been announced by Emerson 
& Cumings, Inc., Dept. $/A, 869 Washington St., Canton, 
Mass. Uses include the lining of cavity interiors to lower 
Q, preventing flow of high frequency currents from, a 
radiating surface, terminating waveguides, and modifying 
antenna patterns. 

The material is available in four types of woven fabric 
or in a flexible plastic sheet form. The plastic type and 
one of the fabric types have a surface resistivity of 377 
ohms per square, or the impedance of free space, making 
these materials suitable for many unique uses. The Ec- 
cosorb SC series of materials also merits consideration for 
use in resistors, potentiometers, RF gaskets, and elec- 
trostatic shields. 

Write in No. 375 on Reader Service Card 


NEUTRON DOSIMETER 
uses dry batteries 


A transistorized fast neutron dosimeter, operated on 
flashlight batteries, designated E-1B, is said to promote 
safety among personnel working with nuclear materials 
by providing an indication of radioactivity proportional to 
the effect on human tissue of fast neutrons associated with 
nuclear technology, according to Nuclear Corp. of Amer., 
Dept. S/A, 400 Park Ave., New York 22, N.Y. 

The instrument, weighing under 7 lbs., uses 10 flashlight 
cells and is separated into a probe and an electronic unit 
for ease of handling. 

Write in No. 376 on Reader Service Card 


RACK CONNECTORS 
are snap-in types 


Snap-in contacts and crimp-type terminations have been 
designed into the DRS series of rectangular rack-and- 
panel connnectors made by The Deutsch Co., Dept. S/A, 
7000 Avalon Blvd., Los Angeles 3, Calif. The spring- 
mounted connectors, made for module units, are self- 
aligning up to 1/32-in. misalignment in either the drawer 
or the panel mounting; pushing the drawer into place 
assures complete mating. 

The connectors are available in 49 and 99 contact sizes, 
and they have #20 contacts. Operation is possible to 
110,000 ft and over a —70 to +892 deg F. 

Write in No. 377 on Reader Service Card 


CHAMBERS 
have full visibility 


A full-view, extra-strength Plexiglas dome gives maxi- 
mum visibility to these controlled atmosphere chambers 
designed for fast atmosphere pump down. Ultimate vacu- 
ums of 5xl04 can be reached in less than 20 min, says 
Scientific Engineering Laboratories, Dept. S/A, 1510 Sixth 
St., Berkeley 10, Calif. The chambers can easily provide 
controlled atmospheres with contamination less than one 
part per million, without relying on excess inert gas 
flushing. 

In standard models, chamber pressures can be reduced 
to under 1xl10¢ mm hg before introduction of the de- 
sired uncontaminated atmosphere. The usefulness of the 
chambers is increased by large feed through the ports, 
and the devices are available with a wide variety of fix- 
tures, welding systems, furnaces and ovens, and feed, 
throughs. 


Write in No. 378 on Reader Service Card 
more on page 257 
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From touch-down to the end of the 
landing run, Bendix brakes provide 
smooth and certain ground control for 
the magnificent new jet airliners... 
To get brakes that measure up to the 
exacting standards of these swept wing 
giants, it was entirely logical to look to 


Bendix ivsion: South Bend, inp. 


JETLINERS DEMAND JET-AGE BRAKES 


the world’s most experienced supplier 
... For similar reasons, Bendix brakes 
are regular equipment on the largest 
and fastest military jets, as well as fully 
certified by FAA for the new civilian 
jets... BRAKES By BENDIX is another 
important reason why you can fly the 
jetliners with complete assurance. 


“Condi” 


AVIATION CORPORATION 


Write in No. 267 on Reader Service Card at start of Product Preview Section 
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0 b Q Operations Skycatch and Peashooter tested methods 1 : 6 0 The Polaris is scheduled for active duty in late 1960. 

for ejecting the Polaris...Operations Pop-up and Each of the Navy’s nuclear subs will carry 16. Lock- 
‘Fishhook tested a submerged launcher. In August, a Polaris test heed is prime contractor and missile system manager of a team 
‘vehicle was launched from the deck of the USS Observation Island. that includes Aerojet-General, General Electric, and Westinghouse. 


LOCKHEED 


MISSILES AND SPACE DIVISION 


MISSILE RESEARCH & DEVELOPMENT °¢ BALLISTIC MISSILE SYSTEMS MANAGEMENT 
ROCKETRY *« ULTRASONIC AERODYNAMICS * SPACE INVESTIGATIONS * NUCLEAR PHYSICS 
ADVANCED ELECTRONICS * HIGH-SPEED AUTOMATIC DATA REDUCTION 
RAMJET PROPULSION TESTING 


November 1959 20 


In and beyond the air... 


Reliability is the prime factor in both 
aircraft and submarine bearings. The 
engineer must know in advance just how 
much each bearing can take in terms of 
speed, repeated shock loadings, millions 
of revolutions. 


Over the years, Rollway has fulfilled 
military requirements for bearings in a 
wide range of applications . . . experi- 
ence that is reflected in the new Air-Rol 
Data Book, which contains new and 
vital criteria for bearing selection. Engi- 
neers may obtain it by writing on com- 
pany stationery to Rollway Bearing 
Company, Inc., Syracuse, N. Y. 


COMPLETE LINE OF RADIAL AND THRUST CYLINDRICAL ROLLER BEARINGS 


ENGINEERING OFFICES: Syracuse @ Boston @ Chicago © Detroit e Toronto @ Pittsburgh @ Cleveland e Seattle e Houston e Philadelphia e LosAngeles e SanFrancisca 
sr Write in No. 268 on Reader Service Card at Start of Product Preview Section 
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PRODUCT PREVIEW 


SMALL BATTERIES 
have high potential 


A group of solid state batteries, 
small enough to hold in the palm 
of your hand but capable of deliver- 
ing a combined voltage of 1600 V, 
are now available, says Patterson, 
Moos Diy., Universal Winding Co., 
Dept. S/A, 90-28 Van Wyck Ex- 
pressway, Jamaica, N.Y. 

Called Dynox, they come in four 
different sizes—Dynox 95, 95 V _ po- 
tential in 0.14 cu in., Dynox 190, 
190 V potential in 1.15 cu in., Dynox 
380, 380 V potential in 1.57 cu in., 
and Dynox 950, with a 950 V po- 
tential in 2.87 cu in. The latter is 
said to be the smallest solid state 
battery on the market with such a 
high voltage rating. 

Write in No. 421 on Reader Service Card 


INERTIA SWITCH 
is compact, light 


This inertia switch is compact, light, 
reliable, accurate and meets military 
environmental requirements. It can be 
mounted in any plane to detect ac- 
celeration forces caused by roll, pitch, 
yaw, etc., says the Magnavox Co., 
Dept. S/A, Fort Wayne, Ind. Standard 
units are factory adjustable from 1 G 
to 3 G and special units up to 50 G 
can be constructed. 

Operating temperature range —55 
deg C to 100 deg C. Accuracy +5 
per cent, time constant at 25 deg C is 
1 sec. Switch reset is automatic and 
contacts rated 100 milliamperes at 28 
vde. 

Write in No. 422 on Reader Service Card 


SERVO MOTOR 
meets BuOrd specifications 


What is reported to be the first 
Size 8 servo motor developed to 
BuOrd specifications (Mark 23, Mod 
1) has been offered by John Oster 
Mfg. Co., Dept. S/A, 1 Main St., 
Racine, Wisc. The Type 5002-04 has 
a .35 oz-in stall torque, a 24,700 
rad/sec torque-to-inertia ratio, and 
a rotor movement of inertia of ten 
gm cm?, 

No load speed is 6200 rpm. The 
1.6-oz unit is provided with a 26-V 
fixed phase and a 36-V center tapped 
control phase for transistor applica- 
tions. 

Write in No. 423 on Reader Service Card 
more on next page 
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|. BLOCKS » HARNESS STRAPS 


.& industrial systems & equi 


They cut maintenance 
... performance and reliability far beyo 
specifications of any other Line Support. | 


CLAMPS provide cushioned, vibrati 
“—“=ZY absorbing support for cables, tubi 
€— and piping. y 
BLOCKS provide resilient support 
multiple grouping of lines to 
failures. 
HARNESS STRAPS embody, 
we resistant material for t 
above +550°F to 


For safety, flexibility 
ADEL and be certain of. 
from products that are: 
ing design and thems 


A COMPLETE LINE 
APPROVED. SPECIFIC. 
CRAFT, MISSILE AND 
TURERS i A 


Direct inquiries to 
Huntington Division 
1444 Washington Ave. 
Huntington 4, 

West Virginia 


FREE Most comprehensive line of fluorocarbons tapes on the 
6-page market today. 
Fluorolint | Pressure-sensitive and bondable. 
Tape Cast film ¢ Skived ¢ Extruded sintered and unsintered. 
Brochure Teflon fiberglass ¢ Teflon metal combinations. 


*Trademark DuPont +t Trademark Joclin 


: 22 Lufbery Avenue 
manufacturing company Wallingford, Connecticut 


Write in No. 185 on Reader Service Card at start of Product Preview Section 
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at pressures up to 
12,000 psi and discharge 
capacities to 150 SCFM 


for TESTING, PRESSURIZING, 
DEVELOPMENT WORK ~ 


Write for 
New Technical Data 
and CATALOG 


CENTRAL COMPRESSION SYSTEMS 


New data book and catalog belongs in 
your files ... when you are planning, de- 
signing or specifying high pressure air and 
gas facilities. Includes description and en- 
gineering data sheets on new or improved 
CARDAIR_ (formerly Cardox) Central 
Compression Systems—now used by prime 
contractors, suppliers of missile compon- 
ents and controls, testing laboratories .. . 
wherever high pressure —100° F. dew 
point (less than 4 ppm oil content) air, 
belium or nitrogen is required. 


Systems are designed for any degree of 
purification. Wide range of models, skid- 
based fixed or mobile,—pressure ranges 
from 4,000 to 12,000 psi—50 to 150 SCFM. 
Completely engineered systems or package 
units. Backed by 15 years’ successful per- 
formance in high pressure (12,000 psi) 
gases, including Mil Specs. District offices 
and warehouses throughout country. Mail 
coupon today. 


tS SS STI | 


Western States Distributor: 


General Air Equipment 
824 Hollywood Way, Burbank, Cal. 


Fen es ee 


nu ©AIRDOX CARDOX PRODUCTS COMPANY i 
i High Pressure Pneumatics Division | 
& 307 N. Michigan Ave., Chicago 1, III. i 
§ Please send new catalog and data file on LJ 
4 CARDAIR Central Compression Systems. : 
: Name_ se rs — ; 
i] | 
a= Address. —— S hh 
1 I 
1 Company pe eS a | 
i ' 
§ City Zone___State_ u 
! i] 
1 ' 
1 | 
| i 

J 


Write in No. 155 on Reader Service Card 
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PINION SHAFTS 
in stainless steel 


These type F precision pinion 
shafts, in 24, 82, 48, 64, 80, 96, 120 
or 200 pitch, with 20 deg pressure 
angle are available in no. 303 stain- 
less steel, with a clear passivated fin- 
ish after gear cutting, says PIC De- 
sign Corp., Dept. S/A, 477 Atlantic 


Ave., E. Rockway, L.I., N.Y. 
Write in No. 381 on Reader Service Card 


TRANSDUCER SYSTEM 
for measuring lox 


This airborne Servo ‘Transducer 
System, Leonard Model 502400-2, 
for continuous measurement of Lox 
or fuel head in missiles can measure 
the height of a column of liquid with- 
in very close tolerances. Typical val- 
ues for a 22 ft column are: repeat- 
ability 0.040 in. and hysteresis 0.080 
in. states Wallace O. Leonard, Inc., 
Dept. S/A, 373 So. Fair Oaks Ave., 
Pasadena 1, Calif. 

This system features two potentio- 
meter outputs, one fine the other 
coarse. Optional outputs include code 
generators, synchros, potentiometers 
or combinations of these. 

Write in No, 382 on Reader Service Card 


SOLDERING TOOL 
eliminates arcing 


This soldering tool eliminates arcing 
and provides high speed, void free 
connections critical in the aircraft and 
missile industry, according to General 
Electric Co., Industrial Heating Dept., 
Dept. S/A, Schenectady 5, N.Y. It is 
automatic and particularly adaptable 
to soldering multiple prong plugs. 

In a single step operation, it pro- 
vides even heating temperature 
throughout the work and produces 
void free solder joints on the most 
critical connections, it is said. 

Write in No. 383 on Reader Service Card 
more on page 260 


EPL Custom 
MAGNETIC 
TRANSDUCERS 


can solve your 
control problems, too! 


APU overspeed safety shut-off trans- 
ducer requiring no external power 
source, used on military aircraft. 


Overspeed safety transducer used in 
auxiliary turbine for one of the newest 
jet liners. 


Antenna position transducer used in 
air-borne Doppler Navigation Systems. 


there’s an EPL special 
application transducer 
for any shape or size 
design requirement! 


- These reluctance type transducers 
produce a usable voltage output 
when excited by promixity of mov- 
ing ferrous metal. They need no 
mechanical contact or external 
power supply, do not wear out. 
“Specials” using basic perfected 
design can be made of a wide vari- 
ety of materials, connectors and 
finishes. If yours is a positioning, 
speed control or rpm measurement 
problem we can help. 


Phone or write us at once. 


Electro 


Sensing Elements 
for Control 
Counting 
Speed and 
Displacement 
Measurements 


ELECTRO 
Propucts 
LABORATORIES 
4501 -C Ravenswood, 


Chicago 40, Ill. 
LOngbeach 1-1707 


Canada: 
Atlas Radio Ltd.,. 
Toronto 


Write in No. 156 on Reader Service Card 
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most 
dependable allc 
in use today 
in the 

1200°- 1800° F 
range 


In all ways, René 41 is a remarkable alloy. No other 
high-temperature alloy used in production today 
equals its tensile strength. In other properties, too, 
René 41 is far ahead of the field. 

Also important, this nickel-base, vacuum-melted 
alloy is easy to work with. It’s readily formable by 
drawing, bending, spinning — welds to similar or 
dissimilar materials. 

Cannon-Muskegon offers René 41 in standard 
36"x 96” sheets .015” to .125” thick, in smaller sizes 
down to .010”, in bar stock up to 3” in diameter... 


140,000 


120,000 


foil down to .001 in thickness... and fine wire only 
.0015 in diameter. 


For complete details, write for Technical bulletin 
No. 86. 


“TM of General Electric Co. 


Ss we 


Unrra Mer 


VACUUM ALLOYS 


CANNON-MUSKEGON CORPORATION 


2887 LincoIn Avenue 


METALLURGICAL 


Muskegon, Michigan 
Sees GC ilyA Laks. 1 -S 


Write in No. 157 on Reader Service Card at start of Product Preview Section 
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Here is a man you should know, he’s a 


DELAVAN FUEL INJECTOR SPECIALIST 


Henry F. Rothwell is Vice President of Engineering for 
Delavan. He is responsible for the engineering policies 
and organization which have successfully satisfied some 
of the aircraft industries most challenging fuel injection 
requirements. Mr. Rothwell has 14 years experience in 
this field — experience which has given him a research, 
design and development facility uniquely suited to solve 
fuel injection problems for the aircraft of today and to- 
morrow. 


If fluid metering and atomization are part of your prod- 
uct, take advantage of Delavan’s specialized experience 
and proven ability to deliver aircraft quality. Send speci- 
fications to the address below for obligation-free recom- 
mendations, 


DELAVAN 


OA 


WORLD'S LARGEST MANUFACTURER OF NOZZLES * WEST DES MOINES «IOWA , 
Write in No. 158 on Reader Service Card 
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SILICON TRANSISTORS 
for high frequency applications 


These 7 high-frequency silicon transistors are designed 
for both amplifier and switching circuits and are JEDEC 
type designated 2N332 to 2N338. Their fixed bed mount- 
ing using a ceramic disk results in an extremely low 
thermal resistance permitting lower junction temperatures 
at high dissipation levels, says General Electric Company, 
Semiconductor Products, Dept. S/A, Syracuse, New York. 

The design has also resulted in a lower collector satura- 
tion resistance. The units measure 70 ohms with 98 per- 
cent production at less than 150 ohms. 

Write in No. 384 on Reader Service Card 


PRESSURE REGULATOR 
is lightweight, rugged 


The 13000 Series gage pressure regulator is suitable for 
pressurizing electronic compartments, canopy seals, and 
reservoirs, as well as for other aircraft uses, says Aerodyne 
Controls Corp., Dept. S/A, 1783 New York Ave., Hunting- 
ton Station, N.Y. The regulator maintains the desired outlet 
pressure from 0.2 0 1.0 psi, depending upon the flow, and 
it is virtually unaffected by variations in supply pressure 
and altitude. 

Performance specifications for one of the compact, rugged 
devices in the series include a supply air pressure range of 
zero to 300 psig, and a supply air temperature range of 
—100 to +800 deg F. Airflow capacity is zero to 4.0 cfm. 
The unit weights .6 lbs. 
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SILICON CONTROL RECTIFIER 
provides ratings to 10 amps 


The C-35 silicon control rectifier is a 3-junction semi- 
conductor device for use in power control and power 
switching applications requiring blocking voltages up to 
400 volts and load currents up to 16 amps, says General 
Electric Company, Semi-Conductor Products, Dept. S/A, 
Syracuse, N.Y. 

The control rectifier reverse characteristic also is similar 
to a normal silicon rectifier that it represents essentially an 
open circuit with negative anode to cathode voltage. The 
forward characteristic is such that it will block positive 
anode to cathode volts below a critical break-over voltage 
if no signal was applied to the gate terminal. However, by 
exceeding the forward breakover voltage or applying ap- 
propriate gate signal the device will rapidly switch to con- 
ducting state and present the characteristically low forward 
voltage drop of a single junction silicon rectifier. 

Write in No. 386 on Reader Service Card 


SHAFT DIGITIZER 
features versatility 


Versatility has been designed into a shaft digitizing sys- 
tem that converts the position of micrometer lead screw 
shafts to a digital code which can be punched on a paper 
tape, according to Datex Corp., Dept. S/A, 1307 S. Myrtle 
Ave., Monrovia, Calif. The system is selectively capable 
of recording one, two or three channels of shaft position 
data and fully expanded it will record three channels of 
shaft position data and one channel of parameters. 

Among system components are a shaft position encoder, 
control chassis, programer, and control panel. The encoder 
converts the angular position of the shaft to a discretely 
coded digital notation of 1000 counts per revolution, and 
the control chassis will accept the output from a three-, 
four- or five-decimal digit encoder. Code and format are‘ 
compatible with a Datatron computer. 
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SPACE/AERONAUTICS 


missile 
engineers 
everywhere 


From R & D labs to launching 
pads... up and down the 
firing ranges... around the 
world at centers and outposts 
of global defense ...as 
well as in the guidance and 
control packages of prototype 
and operational missiles... 
Reeves is the known and 
respected nameplate of 

Se an experienced, 

Le a is we Sisk Waid Chai a vis 4 PROVEN facility. 

REEVES INSTRUMENT CORPORATION = 

Qualified engineers seeking reward- 
ing opportunities in these advanced 


fields are invited to get in touch 
with us. 


‘11RV59 


November 1959 
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. send for copy of Facilities Folder 


probing? 


Need a reliable source for manufacturing your 
precision parts and components? The Fenn 
Manufacturing Company is such a source . . . with over 
50 years of experience in precision manufacturing, 

fine engineering talent, and ultra-modern facilities. Fenn 
currently manufactures precision components for 

the aircraft and nuclear industries including 

helicopter main rotors and gear boxes, parts for gas 
turbine and jet aircraft engines, and nuclear 

reactor components, Entrusted with this critical work, 
you can be assured that Fenn has the 

specialized skills and know-how to meet your 

most rigid specifications. 


To help you to better evaluate 
Fenn’s ability to serve you, 


THE FENN MANUFACTURING COMPANY @ NEWINGTON, CONN, 


Write in No. 160 on Reader Service Card at start of Product Preview Section 
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CIRCUIT TESTER 
is rugged 


This Igniter Circuit Tester, Model 
101-5AF, the latest model in its line, 
is more rugged. With only 0.005 A 
output, it measures igniter circuit re- 
sistance to an accuracy of 0.05 ohm 
or better, allowing the user to isolate 
a fault, which a less accurate instru- 
ment cannot do, says Allegany In- 
strument Co., Inc., Dept. S/A, 1091 
Wills Mountain, Cumberland, Mary- 
land. 

The tester is said to be used prim- 
arily in field testing of solid fuel 
rockets such as Polaris, Terrier, Nike, 
Talos, and aircraft Jato, etc. It is 
also valuable in static test facilities 
as well as in igniter production. 

Write in No. 388 on Reader Service Card 


POWER SUPPLIES 
are transistorized 


The Models TPC-18A and -19A 
are airborne, transistorized power 
supplies for the direct plug-in re- 
placement of D-10A dynamotors for 
aircraft communications and naviga- 
tion receivers, says Southwestern In- 
dustrial Electronics Co., Dept. S/A, 
10201 Westheimer Rd., P. O. Box 
13058, Houston 19, Texas. A tran- 
sistor multi-vibrator circuit is used to 
deliver voltage at high efficiency and 
the circuitry assures complete reli- 
ability as well as protection against 
overload or short-circuit. 

Features include over 80 per cent 
efficiency, long life, and resistance to 
shock and vibration. The TPC-18A is 
designed for 14 vde at 2.25 amps 
full load, and the TPC-19A, for. 28 
vde at 1.11 amps full load. Output 
of both units is 250 vde at 100 ma, 
and both will operate normally up 
to 50,000 ft. The 19A, which has 
a regulation of better than five per 
cent, withstands transients of over 
80 V. Regulation of the 18A is . 
better than ten per cent. 
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SPACE/AERONAUTICS 


FRENCH FLYING ACE ESTABLISHES | 
FIRST TRANS-AFRIGA AIR ROUTE 
BETWEEN FRANCE—MADAGASCAR! 


4 


COMMANDER JEAN DAGNAUX 
LINKS PARIS, TANANARIVE 


Tananarive, Madagascar, 
Feb. 10, 1927 —- Commander 
Jean Dagnaux, famous World 
War flying ace, arrived here 
today after a daring series of flights from 
Paris. He piloted his Breguet 19 through 
Spain, over the Mediterranean, across the 
Sahara, and down the length of Africa to real- 
ize his lifelong ambition — the completion of 
-> overland air route connectin~ ~ 


FIRST IN INTERNATIONAL AIR TRAVEL! The exploits of brave French airmen like 
Blériot, Bossoutrot, Nogués, Mermoz and Dagnaux have made aviation history since the very 
beginning of international flight. Air France still follows this great French tradition of 
leadership in aviation. Today Air France offers the most non-stop flights between New York 
and Paris and the fastest jet service in Europe and the Middle East aboard sleek, swift Cara- 
velle Jets. Next year Air France plans to cover the world’s most extensive route network with 
one of the world’s largest pure-jet fleets, featuring the world’s largest, fastest, most luxurious 
airliner—Air France 707 Intercontinental Jet. _ 


WORLD’S LARGEST AIRLINE/WORLD’S FIRST INTERNATIONAL AIR SERVICE 
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Silicone 
\ rubber 


y 


8298-SR 


Write today tor 
your Stalwart 
Catalog SR-59 


RUBBER COMPANY 


important 
advantage in 
missile development 


The critical environmental specifica- 
tions of current air weapons systems 
are being met by dependable Silicone 
rubber parts. Only Silicone rubbers 
retain their rubber-like characteris- 
tics under severe operating conditions 
+. . provide temperature resistance 
ranging from —160° to +600° F, 
Stalwart’s modern Silicone Depart- 
ment is now producing accurate rub- 
ber parts for jet engines, instruments 
and other electronic equipment. Ex- 
truded and calendered Silicone 
sponge parts are produced for air- 
craft gasket and seal applications. 
Write us today about your special 
rubber parts problem. 


363 Northfield Road * Bedford, Ohio. Plants in Jasper, Georgia and Bedford, Ohio 
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BALL BEARINGS 
for ultra-precision 


These better than ABEC 7 tolerance 
type E selected precision ball bearings 
with bore tolerances selected to 
+.0000 —.0001, permit better fits and 
less sloppiness in all precise instrument 
assembly applications, says PIC 
Design Corp., Dept. S/A, 477 Atlantic 
Ave., E. Rockaway, L. I., N.Y. 

The tolerances are compared with 
+.0000 —.0002 specified. 

Write in No. 390 on Reader Service Card 


HEATING ELEMENTS 
braze stainless steel 


A furnaceless method for brazing 
stainless steel honeycomb by flexible 
high temperature heating elements 
using a woven wire mesh as the basic 
conductor has been developed by 
Electrofilm Corp., Dept. S/A, No. 
Hollywood, Calif. It brazes with less 
than 8 watts per square inch in 
about 8 hours using 5 kva heaters in 
module shapes of 12x52 in. 

Blankets tested have withstood 50 
cycles from room temperature to 
1800 deg F. 

Write in No. 391 on Reader Service Card 


RELAYS 
are hermeticaliy sealed 


This style 520 relay meets the re- 
quirements for a miniature 6 PDT her- 
metically sealed unit and meets the 
following MIL specifications and draw- 
ing: MIL-R-5757C; MIL-R-25018; 
MS-24115-6 Class B, type II, grade 8, 
says Price Electric Corp., Dept. S/A, 
Frederick, Md. General characteristics 
for 26.5 v operation include contact 
arrangement of six pole double-throw 
6 form C; vibration 15 G to 2000 eps. 

Write in No. 392 on Reader Service Card 
more on page 266 


SPACE/AERONAUTICS 


AN AIRBORNE 


THREE PHASE 
STATIC INVERTER 


THAT CAN OPERATE 
INTO VARIABLE 
POWER FACTOR LOADS 


Reliability and versatility in a size and weight 
never before obtainable make Temco Electronic’s 
three phase static inverter extremely able to 

meet today’s critical design needs. This advanced 
inverter allows unbalanced or variable power 
factor loading to be introduced while maintaining a 
symmetrically regulated three phase output. 
Regulation is achieved through a unique magnetic 
control circuit. Frequency control is maintained 

by a solid state oscillator. The inverter will operate 
dependably under extreme environmental 
conditions of temperature, vibration and shock. 


Unusual capabilities in the application of circuitry 
and packaging give Temco unequalled ability 

to design and fabricate inverters 

to meet special requirements. Contact Temco 

for additional information. 


TEMCO ELECTRONICS 


A Division of TEMCO AIRCRAFT CORPORATION © P.O. BOX 6191 * DALLAS 22, TEXAS 


Many excellent engineering and scientific 
positions are now open in this and other Temco 
programs. We invite your inquiry. 
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Washington Steel Corporation 


Write in No. 164 on Reader Service Card at start of Product Preview Section 


266 


How much does 
each .00O1” of 


Stainless Steel Sheet 


* cost? 


Example: In Type 302, an 18 gauge 36” x 120" sheet 
has a base price of 52¢ per pound. In sheets of this size, 
each .0O1” of thickness weighs 1.26 pounds per sheet. 
Thus, each .0O1" of unnecessary thickness costs you at 
least 65.5¢ more per sheet, 


On the surface this may seem insignificant, but it has a marked 
effect on the total price you pay for a given quantity of 
stainless steel sheet. With cost a factor, this can be important 
since stainless steel is purchased by weight. 

Using the above example, a mere .001” of unnecessary 
thickness costs you $20.76 more per ton. If you figure the 
maximum allowable gauge thickness variation of plus or 
minus (10%), you can readily see that the price you pay for 
overall sheet thickness could involve much needless cost. 

Washington Steel has the equipment and the experience 
to produce MICROROLD stainless steel to tolerances much 
closer than standard industry tolerances. Usually money can 
be saved by first selecting the minimum gauge that will serve 
the requirements of the application, and then specifying that 
the thickness be rolled to the light side of the gauge range. 
This specification involves no cost extra and is standard 
practice at Washington Steel. (If exact close tolerances must 
be guaranteed, there is a nominal additional charge.) 


Consult your nearest MicroRold Stainless Steel Distributor. He will gladly 
show you how to save money on your stainless steel purchases. 


11-V Woodland Avenue 
Washington, Pa. 


PRODUCT PREVIEW 


TELEMETERING EQUIPMENT 
has modular design 


The K-series equipment in modu- 
lar packages is designed for multi- 
plexing and coding data in PDM 
form in airborne and ground-based 
data systems. Typical specifications 
include continuous operation from 
—55 deg to +100 deg C, 30g’s vi- 
bration at 5-2000 cps, 200g’s shock 
for 11 millisec and 95 per cent R.H., 
says Applied Science Corp. of Prince- 
ton, Dept. S/A, P.O. Box 44, Prince- 
ton, N.J. 

The current line consists of elec- 
tronic commutators, mechanical com- 
mutators, low-level amplifiers, pulse- 
width keyers and low-voltage power 
supplies. The modules have a stand- 
ard dimension of 8% in. high by 
2% in. wide. The package lengths 
are available in multiples of % in. 

Write in No. 393 on Reader Service Card 


DELAY LINE 
is dual channel type 


The Model 71-05 delay line is a 
relay-operated, dual-channel type that 
obtains coincidence between two sig- 
nals of different time and a third ref- 
erence signal. The device offers a de- 
lay of one to 1.5 usec, and the delay 
is independently variable in each 
each channel in 0.05 usec increments, 
says ESC Corp., Dept. S/A, 534 
Bergen Blvyd., Palisades Park, N.J. 

Output rise time is 0.06 usec per 
channel and impedance is 1000 ohms. 
The unit measures 8x4x4 in. 

Write in No. 394 on Reader Service Card 
more on page 268 
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Diversitied ele 


AiResearch Actuation Systems For 


Portable RadarF tepresent a typical electromechanical systems 
application in ground support equipment. Two types of AiResearch actuation systems 
are now in production for the Army’s mobile trailer-mounted ground radar unit. They 
consist of a manually operated antenna folding storage system and an electrically 


powered antenna elevation system. 


Designed to operate under the most severe 
environmental conditions, this type of 
electromechanical system can operate on 
60 cycle A.C., 400 cycle A.C., or 28 volt 
D.C. Other suggested applications include: 
missile launchers, missile ground handling 
and support equipment, armored vehicle 
fire control and ballistic handling systems, 
and mobile communications equipment 
requiring servoed actuating systems. 


THE 


AiResearch leadership in the development 
and production of electromechanical 
equipment for aircraft, ground handling. 
ordnance and missile systems of all types 
also includes such recent examples as 
spoiler servo control systems, magnetron 
and Klystron tuning devices, and safe-arm 
mechanisms for missile igniting. We invite 
you to submit a problem statement of your 
electromechanical requirements. 


CORPORATION 


AiResearch Manufacturing Divisions 


iechanical 


U.S. Army Signal Corps ground 
portable radar unit operated with 
two AiResearch electromechani- 
cal actuation systems. 


Los Angeles 45, California * Phoenix, Arizona 


Systems, Packages and Components for: AIRCRAFT, MISSILE, ELECTRONIC, NUCLEAR AND INDUSTRIAL APPLICATIONS 
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Special slotted washer ond 
chamfered nut provide lock- 
washer action — will not 
work loose. 


Deep cut-teeth provide se- 
Flat end snubs against ob- cure grip. Curved sections 
ject and grips where round- have large, deep-broached 
ed nose pliers would fail. teeth to grip pipe, etc. 


Special hardening and pre- 
cisely machined joints keep 
needle-nose jaws in line. 


Star chamfer holds rivet from 
turning — holds jows in 
alignment. 


Overlap shear action cuts 
better — saves edge... 
provides non-slip action. 


Tips for Measuring the 
Real Work Ability of Pliers 


Check the photos above. Shown here are features you have a 
right to expect in a plier or cutter — features you get when you 
buy Snap-on.” In addition, SNAP-ON gives you — 


Through hardening for extra toughness. 


Broached stud-positioning hole for true bearing surface and 
snug, easy-working joint. 


Drilled and reamed rivet holes on needle-nose for easy use. 


Broached and ground joint surfaces for smooth operation, 
snug fit. 


Engineered handle design for correct leverage. 


Over 60 models and sizes to let you choose the best one for 
your production or maintenance job. 


Your SNAP-ON Sales Engineer can give you more information on 
the complete plier line. There’s a SNAP-ON Branch Office in 
every major U.S. industrial center. 

Or write for catalog listing the complete series, plus full range 
of wrenches and hand tools. 


387 — 
high-leverage 
diagonal cuiter 


46B — heavy-duty 
gripping plier 


60R — duck bill 
plier 


196B — 
needle-nose plier 


9518 — electronic 
gripper cutter 


SNAP-ON TOOLS 


Se Oke en On, FR A a 
8080-K 28th Avenue e Kenosha, w ptenete 
Write in No. 166 on Reader Service Card at start of Product Preview Section 
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SILICONE GREASE 
for ferrous units 


A silicone grease as a rust inhibitor 
and lubricant for mated, threaded or 
non-threaded ferrous components and 
fabricated rubber parts is available 
from General Electric Co.’s Silicone 
Products Dept., Dept. S/A, Water- 
ford, N.Y. Designated SS-4007, the 
compound maintains consistency from 
—75 deg F to +800 deg F. The 
product is chemically inert, and pro- 
tects metals against air oxidation. 
After 70 hours at 212F in air, no 
pitting or corrosion occurs on brass, 
cadmium plated steel, zinc, magne- 
sium, aluminum and_ steel coated 
with the silicone grease. 

Write in No. 395 on Reader Service Card 


TELEMETRY COMPONENTS 
for small space installation 


Type 1405 Mini-Mount is a_pre- 
wired, welded “T” shaped mount de- 
signed to accept Type 1213A Sub- 
carrier Oscillators and a Type 1106 
A Wideband Amplifier, says Tele- 
Dynamics Inc., Dept. S/A, 5000 
Parkside Ave., Philadelphia, Pa. 

Sizes are available for 4, 8 and 12 
subcarrier channels. The mount at- 
taches directly to the vehicle struc- 
ture. All test points, trimmers and 
receptacles are accessible. 

Write in No, 396 on Reader Service Card 


FERRITE ISOLATOR 
for Ky band 


The Model W-568-3A transverse 
field isolator consists of rectangular 
wave guide of permanent magnetic 
transverse field and ferrite sections 
built into the unit. Among the more 
important features is the frequency 
range of 12.5 to 18 K mcps with 
isolation at 20 db minimum and in- 
sertion loss of only 1.0 db maximum, 
says Kearfott Microwave Div., Dept. 
S/A, 14844 Oxnodge St., Van Nuys, 
Calif. 

The unit has an input VSWR of 
1.14 maximum with a peak power at 
a 100 kw nominal and a temperature 
range of from —55 deg C to +150 


deg C. Exact size is 3 in deep, 1.8 


in high, 2.175 in wide. 
Write in No. 397 on Reader Service Card 
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SPACE/AERONAUT ICS 


CHICAGO RAWHIDE MANI 


New C/R high-speed laboratories 
...testing seals at tomorrow's speeds! 


Pushing a design program through on schedule 
means that there can be no slow-down in any 
phase. If you know there’s a high-speed sealing 
problem ahead — an accessory drive for a new jet, 
a hot, fast-rotating shaft in a guided missile, or a 
bearing in tomorrow’s turbine car—plan for it now. 
Here in Chicago Rawhide’s new High-Speed Seal 
Test Laboratory, C/R engineers now are break- 
ing through present limits, evaluating the design 
and performance of advanced seal types such as 


end face, controlled gap, bellows, segmental and 
bore type seals under such punishing conditions as 
80,000 R.P.M., -300° to +1000°F. and 500 psi. C/R is 
at your service now with the most advanced tech- 
nology and facilities in the country for cooperative 
research on high-speed sealing problems. 


Chicago Rawhide consistently gears itself to the 
future, ready to meet industry’s new problems as 
they develop today. May we help you? 


1293 ELSTON AVENUE * CHICAGO 22, ILLINOIS 


Offices in 55 principal cities. See your telephone book. 


In Canada: Manufactured and Distributed by Chicago Rawhide Mfg. Co. of Canada, ltd., Brantford, Ontario, 
Export Sales: Geon International Corp., Great Neck, New York 
c/R PRoDUCTS: C/R Shaft and End Face Seals « Sirvene (synthetic rubber) molded pliable 
parts ¢ Sirvis-Conpor mechanical leather cups, packings, boots « C/R Non-metallic Gears 
Write in No. 167 on Reader Service Card at start of Product Preview Section 
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SPONGE? Chemically blown, closed-cell 
silicone sponge is available in fine, medium, 
and firm density; skin thickness can be 
varied to suit. Excellent for gaskets, seals, 
shock mounts, light duty press pads, die 
cut parts. 


SHEET? Solid sheet is produced from 1/32 
to 1 in. thick, 20 to 80 durometer, in com- 
pounds to meet all AMS, ASTM, and mili- 
tary specifications. For gaskets, seals, bush- 
ings, die cut parts, diaphragms, heavy duty 
press pads. Laminated press pads and throw 
sheets are also available. 


MOLDED PARTS? Diaphragms, pipe cou- 
pling gaskets, regulator parts, medical kit 
liners, bumpers, flexible coupling discs, 
spring inserts, aircraft test sleeves, and 
many other components are produced to 
rigid specifications. 


Hewitt-Robins, prominent in development of aircraft refueling 
hose, makes many silicone and rubber products for the aircraft and 
missile industries. These components are fabricated using all 
elastomers, including silicones by themselves or with various fabric 
or metal reinforcements. 

Specialists in our Aircraft Products Department can help you 
put today’s new compounds to best use in aircraft, missiles, and 
rockets. For information, service, or your copy of comprehensive 
Product Bulletins, contact your local H-R representative, or 
Hewitt-Robins, Stamford, Connecticut. Ask for bulletin 11-23, 


CONVEYOR BELTING AND IDLERS...POWER TRANSMISSION DRIVES 
INDUSTRIAL HOSE...VIBRATiING CONVEYORS, SCREENS & SHAKEOUTS 


H-R Product Manufacturing Plants in Buffalo, N.Y. * Chicago, Ill. « King of Prussia, Pa. * Passaic, N. J. 
Amsterdam, Holland * Johannesburg, South Africa « London, England * Montreal, Canada Paris, France 
Write im No. 168 on Reader Service Card at start of Product Preview Section 
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ALUMINUM PLATE 
is direct chilled 


This 921-T-DC aluminum tooling 
plate, direct chilled during casting, 
has a fine-grain, uniform molecular 
structure with greatly improved me- 
chanical properties and machinability, 
says Pioneer Aluminum, Inc., Dept. 
S/A, Los Angeles, Calif. In the direct 
chill casting procedure, the molten 
alloy pours into a water-cooled mold. 

With the cooling of all four edges 
there is instantaneous control of so- 
lidification which is said to provide 
greater density, lower porosity, and 
higher mechanical properties. 

Write in No. 398 on Reader Service Card 


FATIGUE TESTER 
covers wide range 


This universal pulsator PUV vertical 
fatigue testing machine series of 4 
sizes covers a load range from 6 to 20 
tons and a frequency range (Load cy- 
cles) from 600 to 10,000 cyc/min, ac- 
cording to Cosa Corp., Dept. S/A, 405 
Lexington Ave., New York 17, N.Y. 
The extremely large stroke of these 
models enables them to test very soft 
materials (runner or plastic) with low 
frequency, and rigid parts (gear wheel 
connecting rods, steel test bars, etc.) 
with high frequency. 

It also extends application to torsion 
and bending tests previously requiring 
special, single-purpose machines, ‘ 

Write in No. 399 on Reader Service Card 
more on page 272 


SPACE/AERONAUTICS 


FRUEHAUF IS A DEPENDABLE SOURCE OF 


IDEAS ano PRODUCTS 


FOR DEFENSE 


Most Efficient Supplier of Ground Handling 
Equipment For Today’s Modern Space Age! 


From World War II days to our present space age 
Fruehauf has been an active leader in the research, 
design, and development of the multitude of rapidly 
changing ground handling vehicles demanded by 
the military. Among the most recent of these is the 
Jupiter Transporter, shown above, which is the re- 
sult of close teamwork between engineers at Frue- 
hauf and Chrysler Corporation, prime contractor 
for the Jupiter. 


Fruehauf’s unsurpassed experience in both com- 
mercial and military ground transportation makes 
them the logical choice when ground handling equip- 
ment problems arise. As the world’s leading builder 
of commercial Trailers, Fruehauf has pioneered in 
the research, design and production of containers 
or transporters for many types of missiles .. . 
shelters for mobile radar and electronic equipment 

. specialized Tank-Trailers for standard and exotic 
fuels . . . powder haul vans . . . mobile containers 
for materials and supplies . . . as well as over 400 
different types of other military vehicles. 


At Fruehauf are engineers and designers who have 


met and solved practically every type of problem 
in space age ground transportation. You’ll find 
modern, diversified Fruehauf manufacturing plants 
all across the nation, with automated production 
lines equipped with advanced, precision machinery. 


When your military contract involves ground 
handling equipment, why don’t you consult Frue- 
hauf? No one is better equipped, or more qualified, 
to help you solve these problems. 


ee 


MILITARY EQUIPMENT DIVISION 


wi FRUEHAUF TRAILER COMPANY 


3S 10942 Harper Avenue, Detroit 32 ¢ 5137 South Boyle Avenue, Los Angeles 58 
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Customized 
PRODUCTS 
for: 


CHEMICAL - ELECTRICAL 
MECHANICAL - ELECTRONIC 
Industries 


TEFLON e KEL-F « NYLON 
FLUOROGLAS ¢ FLUOROMAT 
FLUOROFILM 


EXPERIMENTATION — DESIGN 


FABRICATION 
NTITY 

Native, Sizes SHAPE - QUA 
AN ee You will find Fluorulon’s 


special services valuable in producing 
efficient, precision made parts, at a lower cost. 


Molded @ Extruded ® Machined 
Parts to Your Order and Specifications 


PLUOKULON 
ab alb4id. Inc. 


P.O. BOX 305 CALDWELL, N. J. 
Phone: CApital 6-8228 


Write in No. 243 on Reader Service Card 


MULTIROLL FILES 


TRACINGS 


PRINTS * SHEET MATERIAL 


QUICK, FILING AND WITHDRAWAL 


[Depth | 114" 22%," 30%”. 36%" 42%" 


49 Tube 
1%” 1.D. 
MODEL 
25 Tube 


4942 
$14.80 


4936 
$13.80 


2542 
$13.80 


2536 
$12.80 


Shipping Weight 
Model 49 8 Ibs. 12 Ibs. 15 Ibs. 18 Ibs. 20 Ibs. 
Model 25 6 Ibs. 10 Ibs. 13 Ibs. 15 Ibs. 17 Ibs. 
ENAMELED DARK GREEN OR MED. GRAY - State Color 


Designed to 
Mount Under 
Board—Mount- 
ing Brackets 
Sold in Sets Only— —_— Furnished. 
2 JR36 Per Set Gray Only. 8 Ibs. ship. we. 
* SOLD DIRECT ONLY Write to Dept. BP 
F.O.B. St. Clair Shores, Mich. » PRescott 3-2515 


ROLL & FILE SYSTEMS, INC. 70, 00%, 2862 


DETROIT 5, MICH 


Write in No. 244 on Reader Service Card 
2712 


PRODUCT PREVIEW 


PRODUCT PREVIEW 


COMPACT FILTER 
isolates UHF 


band, according to Electronic Special- 
ty Co., Dept. S/A, 5121 San Fern- 
ando Rd. Los Angeles 39, Calif. In- 
sertion loss is greater than 100 db be- 
tween 900 to 1300 mc and under 
0.5 db between dec to 400 mc. 


3 Input VSWR in the pass band is 


1.4 maximum. The filter, which 
weighs under five oz and needs only 
the space of an equivalent length of 
coax cable, can handle 50 W average 
power. The device is normally sup- 


The low pass filter LP-267 has been 
designed to isolate UHF from the L- 


PLUG IN 


THE POWER 


@ lough...compact...smaller...lighter. 


e Handles more air—with minimum 
pressure drop. 


@ Quick connection and disconnection. 
@ Instant automatic flow or shut-off. 


@ Handles any job in your shop using 
34%,” to Yg” connections—from the air 
line to the air tool. 


@ Locking ring provides positive lock 
. tight fit. Equipped with auto- 
matic sleeve lock. 


@ All Series 2-RL Sockets and Plugs 
are interchangeable—likewise all 
Series 3-RL Sockets and Plugs. 
Eliminates all need for various size 
couplings in hook-up—makes it easy 
to keep stock of parts in balance— 
holds inventories to a minimum. 


Write for the Hansen Catalog... 


a ready reference when you want in- 
formation on couplings in a hurry. 


SINCE 1915 


THE HANSEN 


4031 WEST 150th STREET 


plied with Type N connectors. 


i As easy as plugging in 


your electric shaver... 


Write in No. 400 on Reader Service Card 
more on page 274 


Wherever you 


use compressed 
air... 


KCL 


2 <o 
exe IIL 


LY YY yr 


Socket, when deere automatically 
shuts off air by leak-proof seal of metal 
valve against rubber valve seat. 


Quick -Connective Fluid Line Couplings for 
AIR + OIL » GREASE » HYDRAULIC FLUIDS 
WATER « VACUUM « STEAM « OXYGEN « ACETYLENE 
REFRIGERANTS + GASOLINE * COOLANTS « LP-GAS 


REPRESENTATIVES IN PRINCIPAL CITIES 
QUICK-CONNECTIVE FLUID LINE COUPLINGS 


MANUFACTURING COMPANY 


CLEVELAND 35, OHIO 


Write in No. 170 on Reader Service Card at start of Product Preview Section 


SPACE/AERONAUTICS 


MOUNTING SYSTEMS 


for all aircraft - 


PISTON 


... approved by 


lees why Lorp is your best source for electronic 
mounting systems: 


SPECIFY LORD 
MOUNTING SYSTEMS: 


Standard ATR systems for piston aircraft. Available in 
VY, ¥,, Y% and full sizes, short and long versions. 
Meet all applicable specifications including ARINC- 
404 shock and vibration requirements. Utilize 
proved Temproof. Mountings. 


Standard ATR systems for jet aircraft. Available ex- 
clusively from Lord with BTR (Broad Temperature 
Range) elastomeric mountings. Excellent all-attitude 
control of high-frequency vibration from —65° 
to + 300°F. 


Special mounting systems. Custom designed on com- 
plete systems basis to meet specific needs. Inte- 
grated bases can be furnished which combine 
equipment, connectors, components on a common 
structure. Extensive experience assures system will 

meet cost and p 


Complete line of ATR bases for both piston and jet air- 
craft . . . plus special systems. 


Superior performance results from LORD’s 35-year back- 
ground in vibration/shock/noise control. This assures 
positive protection for radio transmitters and receivers, 
radar, Doppler, Loran, ILS, antennae, controls and 
other equipment. 


Good delivery is insured by proved designs, qualified com- 
ponents and complete modern facilities for engineering, 
production and testing. 


Why not prove it to yourself? Contact the nearest LorD 
Field Engineering office or the Home Office, Erie, Pa. 


FIELD ENGINEERING OFFICES 


ATLANTA, GEORGIA - CEdar 7-9247 KANSAS CITY, MO. - WEstport 1-0138 
BOSTON, MASS. - HAncock 6-9135 LOS ANGELES, CAL. - HOllywood 4-7593 
CHICAGO, ILL. - Michigan 2-6010 NEW YORK, N. Y. + Circle 7-3326 

DALLAS, TEXAS - Riverside 1 -3392 PHILADELPHIA, PA. - PEnnypacker 5-3559 
DAYTON, OHIO - BAldwin 4-0351 SAN FRANCISCO, CAL, - EXbrook 7-6280 
DETROIT, MICH, -Dlamond 1-4340 WINTER PARK, FLA. - Midway 7-5501 


Jj 


Sa ee 
i all 


“In Canada—Railway & Power Engineering Corporation Limited” 


LORD MANUFACTURING COMPANY «> ERIE, PA. 


Write in No. 171 on Reader Service Card at start of Product Preview Section 
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FOR 
SUPER-FINE 
CUTTING 
OF HARD, BRITTLE MATERIALS... 


THE LG Industrial 
Ahhte Airbrasive. Unit 


We cut a section from this fragile sea shell just to show that in a matter 
of seconds almost any hard, brittle material can be cut or abraded with 
the S.S. White Industrial Airbrasive Unit. 

Cool, shockless, super-precise, the unit uses a controlled stream of 
fine abrasive, gas-propelled through a small nozzle. It is so flexible in 
operation that the same simple tool can frost a large area or can make 
a cut as fine as .008” .. . on a production basis! 

Almost every day new uses are being discovered for the Airbrasive 


Unit, in the lab or on the production line ... shaping... deburring. . . 
wire-stripping .. . drilling... engraving. . . frosting . . . materials test- 
ing... cleaning off surface coatings. 

All types of hard brittle materials . . . glass, germanium and other 


fragile crystals, ceramics, minerals, oxides, metal, certain plastics. 


Send us your most difficult samples and 
we will test them for you. Cord 


SEND FOR 
BULLETIN 57054 
...complete information 


New dual Model Di 


S.S. WHITE INDUSTRIAL DIVISION + Dept.21A+10 East 40th Street, New York 16, N. Y. 


Exclusive representatives for Arizona and California. * WEIGHTMAN AND ASSOCIATES, Burbank, Calif. 
Write in No. 172 on Reader Service Card at start of Product Preview Section 
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PRODUCT PREVIEW 


TOROID INDUCTORS 
have high Q factor 


Series KT, toroid inductors, have 
high Q factor, excellent stability vs. 
temperature and current and self- 
shielding effects, savs Kelvin Electric 
Co., Dept. $/A, 5907 Noble Ave, Van 
Nuys, Calif. 

Coils are available in 3 forms: un- 
cased, with protective wax coating; 
hermetically sealed in steel cases to 
MIL-T-27A specifications, and encap- 
sulated in high temperature plastic. 
Temperature range from —55 deg C 
to +125 deg C. 

Write in No. 403 on Reader Service Card 


RESISTORS 
for development work 


These multi-range resistors permit 
delivery of 200 fixed resistance values 
from five basic units to provide en- 
gineers with a time-saving, flexible, 
low cost research, development and 
prototype tool, says International Re- 
sistance Co., Dept. S/A, 401 N. Broad 
St., Philadelphia 8, Pa. Each multi- 
range resistor contains four compo- 
nent ten-W, wire-wound resistors in 
a common steatite housing. 

The components are of two or four 
different values, and each has_ its 
own pair of axial leads. Up to 47 
values are available through connec- 
tion of the leads in various series, 
parallel and_ series-parallel arrange- 
ments. Units are available in ranges 
of 0.5 to 15,000 ohms, and 3000 to 
50,000 ohms. 

Write in No. 404 on Reader Service Card 
more on page 276 


SPACE/AERONAUTICS 


He kept the crib 
from rocking 


For accurate firing, Titan and its 
subterranean steelwork crib must be 
kept in absolute alignment with the 
earth’s center despite natural move- 
ments of the crust or nuclear shock. 
This AMF production engineer’s 
problem was to build the shock ab- 
sorbers AMF designed for the job. 
These are massive, pneumatic cylin- 
ders constructed of precision-fabri- 
cated, precision-fitted steel parts. 


Now, it’s no particular trick to fit 
ultra-fine-tolerance parts together if 
they’re of manageable size. But how, 
as in this case, could he slide a 600- 
pound, 6-foot-long steel tube, 1% 
feet in diameter, into another tube 
when the clearance between the two 
is less than 3/1,000 of an inch? How 
could he maintain alignment to pre- 
vent Brinelling or scouring as one 
slid a full ten feet into the other? 


Here’s what he did: He put down 
heavy steel tracks for a series of 
wheeled carts. He mounted the tubes 
on carts, adjusted position...and, 
slid them together. 


Single Command Concept 


This ingeniously simple but unique 
horizontal assembly concept is one 
more example of AMF production 
know-how in action. 


AMF people are organized in a 
single operational unit offering a 
wide range of engineering and pro- 
duction capabilities. Its purpose: to 
accept assignments at any stage 
from concept through development, 
production, and service training... 
and to complete them faster...in 


* Ground Support Equipment 

* Weapon Systems 

- Undersea Warfare 

+ Radar 

- Automatic Handling & Processing 
> Range Instrumentation 

> Space Environment Equipment 

- Nuclear Research & Development 


GOVERNMENT PRODUCTS GROUP, 
AMF Building, 261 Madison Avenue, 
New York 16, N. Y. 


n engineering and manufacturing AMF has ingenuity you Can US@... AMERICAN MACHINE & FOUNDRY COMPA 
Write in No. 173 on Reader Service Car 


ACCO 


for Better 


TRU-LOC 
SWAGED FITTINGS 


e Just as we expected, many air- 
craft designers were interested in 
the recent announcement of our 
new non-magnetic aircraft cable. If 
you did not see it, ‘“NO-MAG”’ has 
these characteristics: 


NON-MAGNETIC PROPERTIES... 
“NO-MAG”’ cable is made from type 
305 stainless steel. It remains non- 
magnetic after severe cold working 
—in contrast to standard stainless 
steel aircraft cable which shows a 
pronounced increase in magnetism 
after swaging, wire drawing or simi- 
lar operations. 

This non-magnetic property of 
“NO-MAG’’ cable eliminates instru- 
ment interference from cable mag- 
netism. 


CORROSION RESISTANCE... 

New “No-MAG”’ cables have corro- 
sion-resistant qualities similar to, 
but slightly better than, cables 
made of standard stainless steel. 


GOOD THERMAL CHARACTERISTIGS... 
The thermal expansion character- 
istics of new ‘‘NO-MAG”’ cable are 
much closer than those of standard 
stainless steel or carbon steel cables 


Eliminates Instrument Interference! 


ie 


to the characteristics of aluminum 
alloys used in aircraft. This greatly 
simplifies maintaining cable tension 
under various changes in tempera- 
ture. 


HIGH FATIGUE RESISTANCE... 
Preformed construction and careful 


processing give new ‘‘NO-MAG’’. 


cable high fatigue resistance. 


HIGH ABRASION RESISTANCE... 
New “‘No-MAG’”’ cable shows greater 
abrasion resistance than standard 
stainless steel aircraft cables. 


TENSILE STRENGTH, while lower than 
that of stainless and carbon steel, 
is sufficient to enable replacing 
these, size for size, with ‘‘NOo-MAG’’ 
on many applications where the 
characteristics of ‘‘NO-MAG’’ are 
required. 


USE WITH SWAGED TERMINALS... 
Swaged terminals can be applied to 
standard AN dimensions. 


COMPLETE RANGE OF SIZES, 
CONSTRUCTIONS... New ‘“‘NO-MAG’’ 
is furnished in sizes from 1/16” to 1” 
in all of the standard aircraft cable 
constructions. 


Get the complete story on this new technical development 
for the aircraft industry. Write today to Detroit office. 


Automotive and Aircraft Division 


AMERICAN CHAIN & CABLE 


601 Stephenson Bidg., Detroit 2 
6800 East Acco Street, Los Angeles 22 ° 


Bridgeport 2, Conn. 


Write in No. 174 on Reader Service Card at start of Product Preview Section 
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PRODUCT PREVIEW 


DRIVES 
for automation units 


These drives have 3 to 24 indexing 
stations for shaft center distances from 
8 to 6 in in % in increments, and a 
wide variety of hub and bore diam- 
eters. They are said to meet demands 
of high speed automation in industry, 
says Genevamatic Engineering Corp., 
Dept. S/A, P. O. Box 10386, Tampa 9, 
Fla. Center distances less than, inter- 
mediate, or greater than the standard 
8-6 in range are available. 

Write in No. 405 on Reader Service Card 


METALLIZING UNIT 
has vacuum chamber 


A bell-jar metallizing unit, model 
8144, intended for developmental 
work or limited volume deposition of 
One Or more materials under vacuum 
can be used for production, research 
and development of such products 
as improved semi-conductors, preci- 
sion resistors and capacitors, accord- 
ing to NRC Equipment Corp., Dept. 
S/A, Newton 61, Mass. All elements, 
including the power supply and vi- 
bration-isolated pumping system are 
contained in a 3x4 ft enameled steel 
cabinet. 

The vacuum chamber is formed 
by a 80% high bell-jar and a 28 in 
diameter precision ground baseplate. 

Write in No. 406 on Reader Service Card 


FREQUENCY METER 
for very-high frequencies 


A redesigned version of Model 
LA-70 VHF Frequency Meter has a 
frequency range from 10 keps to 
3000 mcps, says Lavoie Labs. Inc., 
Dept. S/A, Marganville, N.J. The 
unit is accurate to 1 ppm from 20 
meps to 8000 mcps and reaches full 
accuracy with only a 20 min warmup. 


Write in No. 407 on Reader Service Card 
more on page 278 


SPACE/AERONAUTICS 


With FLEXoNics 


Giese, 


with confidence 


When man first steps into the vehicle that will carry neering, designing, and manufacturing metal and 

him into outer space, it will be with complete synthetic components and systems for hydraulic, 

confidence. pneumatic, liquid oxygen, and fuel applications on 
He knows that he can rely on the extensive testing | America’s best-proved missiles and aircraft. 

and preparations that have gone before. Flexonics You can draw on this unequalled experience, too, 

has played a vital part in these preparations —engi- by contacting your Flexonics sales engineer. 


Thin wall ducting « Flexible hose: metal, synthetic, Flexon-T (Teflon) * Gimbal, pin, and link joints 
Metal beilows and expansion joints + Special-formed stainless steel parts 


AERONAUTICAL DIVISION 


FLEXONICS CORPORATION «+ 1350 SOUTH THIRD AVENUE » MAYWOOD, ILLINOIS 


22 2 Divisions 
TOMORROW'S 
ENGINEERING INDUSTRIAL HOSE +» EXPANSION JOINT « BELLOWS +» AERONAUTICAL + AUTOMOTIVE 


TOOAY : Flexonics Research Laboratories, Elgin, Illinois 
i i in Canada: Flexonics Corporation of Canada, Limited, Brampton, Ontario 


Write in No. 153 on Reader Service Card at start of Product Preview Section 
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BLAMING COIL BURN-OUT 
ON THE SOLENOID? 
THEN TAKE A CLOSER LOOK 


AT THE VALVE! 


SPOOL and» ’ 
POPPET Valves 
bind and stick 

as dirt collects... 
overload solenoid 
and cause coil 
burn-out. mt 


“swear sea Valves 
are not sensitive 
to dirt... 
always retain 
solenoid power 
margin. 


1 | Ee ORE 


ae 
D.C. souenoin -sweae sea" VALVES 0 to 10,000 P. S. I 


' i] 
f ] 
A.C. so.enoin ~sweat!)seac: VALVES 0 to 10,000 P. S. | 


EXPLOSION PROOF A.C. and D.C. 


SOLENOID “sweags)iséac” VALVES 0 TO 10,000 P. S. I. 


SPOOLS and ” 

POPPETS leak... 
can't compensate 
for normal wear. 


= 


& 


“susan sea Valves 

stay leakproof... 
a spring takes up 
the normal wear. 


ASK FOR 
CATALOG 
V-59-60 


CONTROL VALVE DIVISION 
VW 
~ Barksdale valves 
5125 ALCOA AVENUE * LOS ANGELES 58 © CALIFORNIA 


Write in No. 176 on Reader Service Card 
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SINGLE-SIDE-BAND FILTERS 
have high bandwidth ratios 


Ranging from 10 to 500 ke, these crystal filters are manu- 
factured to exceed a wide variety of electrical, mechanical, 
and environmental specifications. The filters obtain un- 
usually high bandwidith ratios and excellent shape factors, 
says Bulova Watch Co., Electronics Div., Dept. S/A, 
Woodside 77, N.Y. 

With a 85 ke carrier, the 3 db bandwidth is 3.4 ke 
and the attenuation is over 40 db. Using a more complex 
design a 60 db attenuation can be achieved. The dimen- 
sions of the unit are 5 in x 2 in x 2 in. Bandwidth ratios 
of better than 10 percent may be reacched with side band 
crystal filters ranging from 60 to 200 keps. 

Write in No. 408 on Reader Service Card 


SERVO AMPLIFIER 


has high voltage gain | 


Instantaneous operation is provided by this rugged, tran- 
sistorized, six-W, 400-cycle servo amplifier, says Belock 
Instrument Corp., Dept. S/A, 112-03 14th Ave., College 
Point, N.Y. It occupies a space of nine cu in and plugs 
into a standard octal type socket. 

Voltage gain is greater than 4500, and the tiny unit 
has an input impedance of greater than 70,000 ohms at 
27 deg C. A variable gain control is included. 

Write in No. 409 on Reader Service Card 


DELAY LINES 
offer minimum attenuation 


These ultrasonic delay lines are available with very 
short and extremely long delay time and will store a 
signal with minimum attenuation for periods ranging from 
less than 50 to more than 15000 usec, says Corning Glass 
Works, Dept. S/A, Corning, N.Y. 

These very-long delay lines were developed through im- 
provements in fused silican production methods. The low 
acoustic attenuation of fused silica makes possible delay 
times of 15000 usec in a single plane delay line. 

Write in No. 410 on Reader Service Card 


RADAR TEST SET 
shows versatility 


Facilities of this 200-mc radar test set include provi- 
sions for day-to-day pulse envelope comparison, spectrum 
analysis, crystal and variable markers, delayed pulse or 
CW signal ouput, and others, says Marconi Instruments, 
Dept. S/A, 111 Cedar Lane, Englewood, N.J. When it is 
used in conjunction with the Marconi 1000 W RF absorp- 
tion power meter, it permits complete radar checkout 
without signal radiation. 

Both test set and power meter are built to military 
specifications, including requirements for vibration and 
humidity. 

Write in No. 411 on Reader Service Card 


WIRE INSULATION 
withstands high heat 


A temperature rating of 1000 deg F for continuous opera- 
tion is reported for Durock, a flexible, ceramic wire in- 
sulation announced by Packard-Bell Electronics Corp., 
Dept. S/A, 389 N. Fair Oaks Ave., Pasadena, Calif. A 
thickness of 0.6 mils of the ceramic provides a resistivity 
of 400 V de. 

Completely boron and cobalt-free, the material has a 
barns cross-section capture of under 20. Durock has been 
coated on wire from ten mils up, and aluminum, nickel- 
clad copper, and Constantan are among the metals available 
as conductors. : 

Write in No. 412 on Reader Service Card 
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SPACE/AERONAUTICS 


Johns-Manville announces new MIN=-KLAD Insulation ! 


This one new product 
answers 4 basic thermal 


and mechanical requirements 


I 
! 
v 


r 
I 
1 
J 
! 
{ 
! 
I 


high heat capacity 
plus erosion resistance 


SA 


fu —— Asbestos-reinforced plastic 


== Min-K insulation 


j New Min-Klad insulation is engineered and molded to your design requirements. 


SSS eee 


Combines the capabilities of asbestos-reinforced plastic 


with the dramatically low conductivity of MIN<K) 


New Min-Klad insulation may well be 
the most significant advance ever made 
in missile and rocket insulation. 


Developed by Johns-Manville re- 
search scientists, Min-Klad is the only 
product of its kind, a permanent lami- 
nation of the missile industry’s two most 
effective high-temperature materials: 
1) reinforced plastic and 2) J-M’s 
recently developed Min-K insulation. 


Min-Klad gives the missile designer all 
the advantages of high-temperature 
plastic: Strength, toughness, rigidity! 
Erosion resistance! High heat capac- 
ity! Yet Min-Klad does more. 


It also insulates . . . and with dra- 
matic effectiveness! Its insulating ele- 
ment is J-M’s Min-K, an insulation with 
thermal conductivity that is actually 


lower.than the molecular conductivity 
of still air. And this conductivity 
(already less than half that of the best 
fibrous insulations) drops still further 
with altitude. At 10 miles, for example, 
it is decreased by as much as 40%, with 
further decreases at greater altitudes. 


Min-Klad offers the missile and rocket 
designer a rich choice of heat-control 
possibilities. It may be used for a part 
that must insulate, yet have the struc- 
tural advantages of plastic. Where re- 
quirements call for a scuff- and erosion- 
resistant insulating surface...or for a 
good adhesive bond between Min-K 
insulation and other surfaces. Or, it 
may be used to control high transient 


insulation! 


temperatures! For high heat capacity 
of asbestos-reinforced plastic combined 
with the low conductivity and heat ca- 
pacity of Min-K result in a product that 
provides minimum heat transfer under 
transient conditions. 


Min-Klad is now being tested for ap- 
proximately two dozen missile and 
rocket designs. Why not investigate this 
new material for your present thermal 
requirements? Upon request, we'll be 
pleased to send you a sample of the 
material along with detailed technical 
information. Write Johns-Manville, 
Box 14, New York 16, New York. (Ask, 
too, for information on Min-K insula- 
tion and the new aviation insulation 


brochure IN-185A.) In Canada: Port 


Credit, Ontario. 


PRODUCTS 
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From infra-red 
transmitting elements... 

to alignment and emergency 
periscope for the Polaris 
missile... 


Look what © 
Bausch & Lomb 
COLT do iden keep IR-guided 


for you —_ §F 
wrth 


from filters that eliminate 
unwanted radiation ...to 
light-chopper reticles that 


from meltproof windshields 
and periscopes for high 

performance aircraft... 
to research and develop- 
ment of optical systems 

for space reconnais- 
sance vehicles. 


Let B&L competence 
with glass and glass-like 
materials help advance your 
system from design to the . 
performance stage. Write for * 

information on special items * 
like these, or on research and % 
development work. % 
And for data and specifications - 
on our large stock of standard lenses, A 
prisms and reflectors, ask for Cat. L-117. 2s 
Bausch & Lomb Optical Co., Contract Dept., 

15747 Bausch Street, Rochester 2, New York. 
(Phone: LOcust 2-3000.) 


BAUSCH 6 LOMB 


nc UJ o> 


Write in No. 178 on Reader Service Card at start of Product Preview Section 
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PRODUCT PREVIEW 


SAMPLE AND HOLD SYSTEM 
for conversion to digital form 


. S| 
This solid-state high-spped Sample | 
and Hold system samples a small || 
segment (less than 1 usec) of an in- } 
coming voltage and holds the result | 
for conversion to digital form or for 
other purposes, says Packard Bell it 
Computer Corp., Dept. S/A, 1905 S.} 
Cermacost Ave., Los Angeles, Cal/f. F 
The system is constructed on aj 
single-etched board, is self-powered, |) 
completely transistorized, has no mov-}/ 
ing parts, and d-c stabilization is} 
provided by a silicon transistor chop- 

per. 
Write in No. 413 on Reader Service Cardy) 
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SIZE 8 TRANSFORMER\| 
has high impedance levels|: 


Impedance levels comparable tdj 
those found in Size 10 and 1}) 
synchros have been achieved in d|/ 
Size 8 control transformer, according 
to Clifton Precision Products Co./ 
Dept. S/A, 9014 W. Chester Pike 
Upper Darby, Pa. Impedances of th 
400-cycle CTC-8-A-6 are: Zro=262%) 
/72.2°; Zso=465 /75°; and Zrss=\7 
970 /17°. 

The device is a standard 11.8 * 
input control transformer and powe}) 
input is as low as .058 W. : 
Write in No. 414 on Reader Service Casi” 


These space-saving Teflon-insulatd| 
terminals are installed in an ele} 
tronic chassis by pressing into pri” 
punched or pre-drilled holes. Tl 
Teflon material of insulator tends } 
relieve its own stress and causes} }) 
rivet-type action which anchors aj) 
seals, says Cannon Electric Co., De}! | 
S/A, 3208 Humboldt St., Los A)! 
geles 31, Calif. No nut, washer, std 
ing, or soldering is required. 
Voltage ratings at sea level rari” 
from 2380 V to 4250 V. Standd)” 
pin material is silver-plated bray” 
Available lengths range from 0.] 
in to 2.500 in, standard pin dispel 


th 
} 


from 0.040 in to 0.78 in. 
Write in No. 415 on Reader Service 
more on page ‘) | 


SPACE/AERONAUT I) 


BARDEN ‘W’" retainer 
reduces torque peaks 


eliminates retainer lock 


ACTUAL SIZE 


ow-torque reliability for gyros, synchros and other torque-sensitive components 


An instrument bearing that passes all normal torque tests can develop excessive torque peaks in 
operation. In gyro gimbals, synchros and similar applications the result is erratic component 
performance. To solve this reliability problem, Barden developed the “W” ball retainer. 


Field tested and proved in actual operation, Barden “W” retainer bearings are specified for a grow- 
ing number of torque-sensitive applications. + + + Jn gimbals on the Sidewinder they contribute to 
the missile’s reliability. * + + In attitude gyros they save one manufacturer $100 per unit by 
reducing costly teardown. 


Mierretainer bearings are Like other Barden advances in engineering and manufacturing, ““W” retainers answer a specific 
javailable flanged or un- performance problem. Other Barden Precision ball bearings satisfy such extreme demands as: 


ee ccs Or fopen, * High temperatures (to above 400°F) »* Low torque (to 10 dyne-cm. for 2 Ib. load) 
}n sizes most in demand 


” O.D. and under. For * High speeds (to over 300,000 RPM) * Concentric rotation (to .00005” max. TLR.) 


vomplete technical infor- The complete Barden line includes sizes from .0469” bore to over 3” O.D., all manufactured to 

|nation write for engineer- She : ; : : Sy gents P 

\ng data sheet W-1. Barden Precision standards of dimensional accuracy, uniformity and reliability. Refer to Sweet’s 
Product Design File (8h/Ba) for Barden catalog and bearing selection guide. 


i 
I 


\rabiny...oecty BARDEN faa PRECISION BALL BEARINGS 


I THE BARDEN CORPORATION, 75 East Frankiin St., Danbury, Connecticut 
} Western office: 3850 Wilshire Boulevard, Los Angeles 5S, California. 


Write in No. 179 on Reader Service Card at start of Product Preview Section 
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Call FANSTEEL jox 


High Temperature Metals 


TUNGSTEN 
MOLYBDENUM 
TANTALUM 
COLUMBIUM 


FANSTEEL 82 METAL 


(Columbium-Tantalum-Zirconium) 


FANSTEEL 80 METAL 


(Columbium-Zirconium) 


FANSTEEL 99 METAL 


(Tungsten-Nickel) 


FANSTEEL TANTALOY 


(Tantalum-Tungsten) 


Need a high temperature metal in ingots, billets, sheet, 
rod, wire or foil? Call Fansteel. Want parts fabricated 
to your specifications? Call in Fansteel. Get the 
experience of men who know how to make the metal 
as well as machine and fabricate it. 


IMMEDIATE DELIVERY 
From Stock of Tantalum and Molybdenum Sheet 


Five most used sizes of tantalum sheet—.002”, .003”, .005", 
00 Zap O10 Le 


Seven sizes of ductile Moly ‘'D’’ sheet—.005”, .007”, .010”, .012”, 
Olsen O 202 02500 


Write in No. 180 on Reader Service Card at start of Product Preview Section 
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PRODUCT PREVIEW 


SERVO VALVE 
is very accurat 


This rugged electro-hydraulic serv 
valve provides the accurate flo 
modulation required for fast and pre 
cise closed loop control of positior} 
velocity and acceleration. It is com, 
patible with all present-day progran} 
control methods, says Vickers Inc.§ 
Dept. S/A, Waterbury 20, Conn. | 

A variable fulcrum of mechanica} 
feedback linkage provides optimun}) 
operating flexibility. Extreme reliabil}) 
ity and simplicity, it is said, result} 
from two-stage spool construction wit 
only four moving parts. Valve is rate 
at ten gpm maximum flow at 1,00 
psi (assuming 44 pressur drop acros 
valve) and operates on supply pres 
sure from 800 to 3,000 psi. 


Write in No. 416 on Reader Service Cay 


POWER RESISTOR} 
are light-weig 


These light-weight and space-savii| 
power resistors are designed to || 
mounted in direct contact with 7 
chassis. Electrical insulation is silice 
rubber which is operable continuou 
at 450 deg F, says Electro Flex Hej 
Inc., Dept. S/A, 83 Woodbine * 
Hartford 6, Conn. ‘ 

The units are available in pow 
ratings of 40, 80, 120, 160 and 2} 
watts. The 200 watt resistor wei 
approximately 0.080 Ib. Connecti 
tabs are silver-plated brass. , 

Write in No. 417 on Reader Service © 


LEAKLESS VAil| 
is propellant-actuat} 


A new propellant-actuated vai 
that houses a laterally moving sp}! 
and the explosive driving cell | 
been designed with a blind-end i 
fitting to eliminate pre-actuation le)’ 
age, says Beckman & Whitley, I))) 
Dept. S/A, 985 E. San Carlos Aly 
San Carlos, Calif. Actuation res} 
in shearing off the blind end to } 
mit fluid to flow past a recess in |¥ 
spool and to the outlet port. | 7 

The normally closed valve hat 
counterbore in the spool to |} 
metal particles. An O-ring sy3® 
traps the expended combustion g) 
to prevent contamination of the wy" 
ing fluid. A simple reload kit 
mits re-use in system test and chi! 
out or emergency applications. | 

Write in No. 418 on Reader Seryicd# 
more on pagey 


SPACE/AERONAU 


climb out of rough fields 


overnber 1959 


JH6BFSR3 Starter’s d-c motor has excellent 
torque characteristics. This, together with 
machine’s rugged clutch and convenient 
button-hole mounting, made it ideal for the 
Caribou, 


J&H helps the Caribou" 


and short runways 


DeHavilland’s Caribou cargo and personnel trans- 
port is designed for use under less-than-ideal field 
conditions... answering many needs in both military 
and commercial aviation. These special flying 
requirements demand rugged, precision equipment 
that does not impose weight and space penalties. 
DeHavilland chose J&H components because they 
fulfilled requirements exactly and were in the pro- 
duction stage—proven and ready to fly. 

Jack & Heintz can satisfy your system and 
component needs, no matter how specialized, 
with aviation’s most extensive lineup of electric 
power systems and components. 

Write to: Jack & Heintz, Inc., 17634 Broadway, 


Cleveland 1, Ohio. 


*Both military and commercial versions. 


G300-4B Generator selected for its superior 
low-speed operating characteristics. Starter- 
generator versions of this machine are also 
available. 


GC34-2 Control Panel selected for compact- 
ness, and convenient installation and mainte- 
nance. Versions of this panel serve starter- 
generator applications. 


Back & Hi einrz. Inc. 


SYSTEMS FOR AIRCRAFT, MISSILES AND GROUND SUPPORT 
Write in No. 181 on Reader Service Card at start of Product Preview Section 
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M) TACHOMETER-GENERATORS 


Built to all applicable Government 


In production—availabl 


Servo Motors 


monufactured by the Components Vivision cf 


G-M LABORATORIES INC. 


tie 


AVY- BU. OF ORD 


S$. NAVY BU, OF ORD. 


2 
2) 
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PRODUCT PREVIEW 


REFUELING NOZZLES 
have 600-gpm rating 


Models P-2750 and P-2751 are 
underwing, single point nozzles de- 
signed to meet refueling requirements 
of 600 gpm at a seven-psi pressure 
drop across the nozzle, says Controls 
Co. of America, Dept. S/A, Mil- 
waukee, Wisc. A manually controlled 
lever prevents opening of the poppet | 
valve until these lightweight, rugged | 
nozzles are fully engaged, and it is | 
not necessary to disengage the noz- | 
zles to shut off fuel flow. 

Model P-2751 has a straight inlet; | 
and Model P-2750 a 45-deg angle | 
inlet; both units have bicycle grip 
or ring-type handles. | 

Write in No. 419 on Reader Service Card 


COOLING UNITS 
are dual blower types | 


q 


Two new models of dual blowers} 
for electronic cooling applications, 
Models 2NB300 and 2NB408, are 
rated at 160 and 320 cfm, respec- 
tively, according to McLean Engi-} 
neering Laboratories, Dept. S/A, P.O.} 
Box 228, Princeton, N.J. Both types} 
have a long life, exceptionally quiet, 
isolated, shaded pole motor that is} 
fan cooled. 

The motor meets Specification CC-} 
M-636A. Blowers feature a stainless 
steel shaft, are fungus protected, and 
moisture and corrosion resistant. The} 
standard unit has a 115-V, 60-cycle} 
rating. Y 

Write in No. 420 on Reader Service Card 
more on page 286 


SPACE/AERONAUTICS 


Fubexper/ence in action 


Rocketdyne engines with 
thrust ratings of 5000 to 
more than 300,000 Ib. have 
already proved the quality of 
Superior tubing. A 1,500,000 
lb. thrust single chamber 
rocket engine is now in 
development. 


Superior Thin-Wall Nickel Tubing Survives 
Rigors of Preparation for Outer Space 


Thrust chambers of the Rocketdyne engines that propel the 
Atlas, Thor and Jupiter missiles into outer space are composed 
of over 200 pieces of formed and shaped Superior Grade ‘‘A’”’ 
nickel tubing. Tubing must meet rigid design requirements and 
be amenable to exacting and intricate forming and fabrica- 
tion. Finished parts are subjected to tests that must insure reli- 
ability. Typical of the unusually severe fabrication, test and 
operational conditions it must survive are the following. 


e Die-press operations which develop pressure of 600 psi in the 
press and up to 20,000 psi in the tube while forming cross-section 
shapes varying from round to rectangular to octagonal. 


e Brazing operations which subject the tube to as many as 15 
heating and cooling cycles at approximately 1200°F. 


e Test firings far in excess of required tactical maximum in which 
the only material between the coolant in the tubes and the 
combustion gases (at approximately 5000°F and high pressures) 
is the very thin wall of tubing. 


Only the highest quality tubing, produced and fabricated with 
master skills, is good enough for the thrust chambers in which 
Superior tubing serves. That is why Rocketdyne Division, 
North American Aviation, Inc., depends on Superior for 
much of its tubing needs. 


Superior’s experience in the nuclear and missile tubing field is 
extensive. More than 120 analyses in a wide range of ID, OD 
and wall thicknesses are now available. They are described in 
Bulletin 41. Write for a copy today. Superior Tube Company, 
2038 Germantown Ave., Norristown, Pa. 


“A” Nickel is a registered trademark of 
International Nickel Co. 


Syoerrar VE 


The big name in small tubing 
NORRISTOWN, PA. 


All analyses .010 in. to ¥% in. OD—certain analyses in light walls up to 2Y, in. OD 
West Coast: Pacific Tube Company, Los Angeles, California « FIRST STEEL TUBE MILL IN THE WEST 
Write m No. 183 on Reader Service Card at start of Product Preview Section 
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New Hyge slashes cost of 
production-line efyck tests 
SOE” 


COSTS LESS, TESTS MORE 
This new Hyge Shock Tester gives you two most widely 
specified shock pulsés: 11 + 1 ms \% Sine, and 6 + .5 ms 
Sawtooth . . . yet costs less than single-test units! 

5 SHOTS IN 5 MINUTES, 5¢ APIECE 
Low-cost bottled nitrogen powers the fast cycle... ready for 
the next shot in less than a minute! 

EXCLUSIVE! FAST, EXTERNAL CHANGE OF WAVEFORM 


Only this new Hyge changes waveform and thrust level 
without disassembly in a matter of minutes. 


WIDEST TEST RANGE 


From gram-weight components up to bulky 150-pound 
objects. Maximum acceleration 100G. Capacity: 15000 
pounds specimen thrust. 


COMPACT, CAN BE BUILT INTO PRODUCTION LINE 
Height: 2914”. Base: 13” square. 


Write for new Hyge Bulletin 4-71. 


Consolidated Vacuum Corporation 


yhtUg 
9 


“CMG: 


ye 


ROCHESTER 3, NEW YORK 


A SUBSIDIARY ,0F CONSOLIDATED ELECTRODYNAMICS CORPORATION 
(FORMERLY ROCHESTER DIVISION) 


Write in No. 154 on Reader Service Card at start of Product Preview Section 
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BALL BEARINGS 
are light weight 


These 3L00 extra light ball bearings 
are smaller than standard bearings of 
comparable shaft sizes and are recom- 
mended for applications requiring max- 
imum shaft diameters and minimum 
housing areas, says Hoover Ball and 
Bearing Co., Dept. S/A, 5400 S. State 
Road, Ann Arbor, Mich. Styles include 
open, single or double shield, or sin- 
gle or double contact seal, and com- 
bination contact seal and shield. 

All are available with or without 
snap ring. 

Write in No. 379 on Reader Service Card 


DIGITAL COMPUTER 


for airborne use- 


Most navigational problems in both 
aircraft and missiles can be accu- 
rately solved by this small, silicon- 
transistorized multi-functional  air- 
borne digital = computer, says 
Librascope, Inc., Dept. S/A, Glendale, 


Calif. The AN/ASN-24 can also be | 


used for missile guidance functions. 

The computer design is reported 
to give the device the ability to accept 
inputs from new navigational aids as 


they are developed. The two-address, | 


serial, binary data computer stores 
digital impulses as 25-bit words on 
a 6000 rpm memory drum. Total 
storage is 2048 words. The computer 
handles data from TACAN, celestial, 
inertial and Doppler information, 
radio, true airspeed systems and 
heading instruments. Computer er- 
rors are under 0.1 per cent, and the 
device weighs 32 lbs and requires 

0.55 cu ft of space. 
Write in No. 380 on Reader Service Card 
more on page 288 


SPACE/AERONAUTICS 


Maxim JEM-8 Silencer on run-up duty on F8U. 


MAXIM CUTS 
NAVY JET NOISE 25-30DB 


Thoroughly field tested by an independent acoustical engi- 
neering firm ... requiring no water even when afterburners 
are used ... the Maxim JEM-8 Mobile Exhaust Sound Sup- 
pressor reduces jet exhaust noise by 25 to 30 dbs. 

Built for high temperatures, the JEM-8 is a portable, all- 
metal spoiler type unit with a maximum weight of 10,000 lbs. 
including undercarriage. Engineered for all present types of 
jet aircraft, it is available with adapters for various airframe 
configurations. 

Shown here in use at a naval air station, the JEM-8 will 
shortly be on duty at many other Naval and Marine Corps air 
stations. A commercial jet version, the JEC-8, is available for 
pod hung engines. 

For noise suppression, consult Maxim — for it is here that 
Silence Is A Science. 


JEM-8 with undercarriage raised for test stand. 


SEND FOR FOLDER "JET ENGINE SILENCING” 


Emhart Manufacturing Company 
Bip Maxim Division / Dept. 74 
Lip Box 216, Hartford 1, Connecticut 


Write in No. 270 on Reader Service Card at start of Product Preview Section 
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Electromechanical 
Components and Systems 
Capability 
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AIRESEARCH POSITIONING 
CONTROL SYSTEMS 


One of the many types of high speed 
positioning control systems produced 
by AiResearch, the system above am- 
plifies electric signals from an inertial 
guidance source and adjusts the control 
surfaces of the missile or drone to 
maintain a predetermined course. 
AiResearch diversification and ex- 
perience provide full capability in the 
development and production of elec- 
tromechanical equipment and avionic 
controls for aircraft, ground handling, 
ordnance and missile systems. 


a 


A.C. and D.C. Motors, Generators and 
Controls + Inverters + Alternators « 
Linear and Rotary Actuators « Power 
Servos * Hoists « Electrical Pyrotech- 
nics « Antenna Positioners « Position- 
ing Controls * Temperature Controls « 
Sensors * Williamsgrip Connectors « 
Static Converters. 


Your inquiries are invited. 


THE 


AiResearch Manufacturing Division 


’ Los Angeles 45, California 


“SSR ROAR BF ee 
Write in No. 188 on Reader Service Card 
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PRODUCT PREVIEW 


COUPLER CONNECTOR 
for use under pressure 


This SP-500 quick-disconnect cou- 
pler enables the user to connect or dis- 
connect hydraulic lines at full oper- 
ating pressure, without sacrificing au- 
tomatic break-away characteristics. F 
characteristics are excellent and valye 
and seal action are said to be positive 
by The Bruning Co., Dept. S/A, Lin- 
coln, Neb. It handles a broad range of 
fluid mediums and has wide operating 
temperature range, from —40° to 
+250° F., and operating pressures ex- 
ceed 7500 psi. 

The coupler has full swivel action; 
absorbs torsional strains and_ stresses 
from adjacent components; eliminates 
need for swivel adapters, it is stated. 

Write in No. 424 on Reader Service Card 


POWER INVERTER 
is solid state type 


A combination of transistor and 
magnetic amplifier circuitry in this 
static power inverter is used to con- 
vert a 26 to 30-V dc source to a 
115-V, 400-cycle, single-phase ac 
source. The solid state device, de- 
signed for a stable output of 250 va, 
is suited to use in missiles, missile 
checkout systems, aircraft and ground 
equipment, telemetry, and automa- 
tion, says Magnetic Amplifiers, Inc., 
Dept. S/A, 632 Tinton Ave., New 
York 55, N.Y. 

Life expectancy is 20,000 hrs and 
the inverter has no moving parts. 
Output voltage is adjustable to plus 
or minus five per cent, and regulation 
is 1% per cent for load variations 
from no-load to full-load. Maximum 
distortion is five per cent. The in- 
verter can withstand vibrations of 
ten to 2000 cps and shock to 30 
times its 12%-lb weight. 

Write in No. 425 on Reader Service Card 
more on page 290 


Sq Ho WESTERN 
INSTRUMENTS 


Write in No. 187 on Reader Service Car 


aA 
Sie, 


r pata 
LOWEST COST PER CHANNEL! 


MIDWESTERN’S 


6210/R 


DIRECT RECORDING 
OSCILLOGRAPH 


MAKES INK OR STYLUS 
TYPE RECORDERS OBSOLETE 


e Flat frequency response up to 
6,000 cps. 

e No amplifiers required in many 
applications. 

e When amplifiers are needed 

MI galvanometers’ flat frequency 
response allow use of uncom- 
pensated amplifiers. 

e Records 8 channels (14 optional) 
on 6” wide, 200’ long (thin base) 
D/R paper. 

e Recording beams contact the 
paper in full view of the operator. 
e Wide range of speeds 0.2 ipm to 
60 ips. : 
e Modular plug-in components. 

e Forward and reverse drives on 
621HT and 621VT. 

e Backed by years of oscillography 
engineering and production 
experience. 


CALL: RIVERSIDE 7-1331 
TWX: TU 849 

WIRE: FCB: FAX 
WRITE: BOX 7186 


41ST & SHERIDAN RD./TULSA, OKLA. 


ALSO MANUFACTURERS OF [Mleorecors 
FINE TAPE RECORDING INSTRUMENTS. 


SPACE/AERONAUTICS 


MEW, ViIcKERS, Packaged Valve 


Assembly accelerates — decelerates 
Thor Missile Erector smoothly 
without ratcheting. 


e s 
‘5 | THOR missile on 
perating Pressure ‘ 3400 P.S.1. 
‘Prool Evessure esse launch base... 


Temperature Operating 

ange —65°F to + 150°F 

Filtration Nominal To Micron : complete system 
designed and developed 


by Douglas Aircraft 
Company, Inc. 


e transporter-erector, 
launching base and 
power trailer designed 
and built by Food 

Machinery and Chemical 

Corporation. 


Smooth control of the Thor erecting cylinder is accomplished by a new 
Vickers’ packaged valve assembly. This assembly provides regulated accel- 
eration-deceleration throughout the erecting cycle without compounding 
structural vibrations. Despite varying external loads and temperatures, 
firm positive control is maintained as the missile’s center of gravity passes 
over the pivot point. 


This “‘system engineered” valve is another example of the special ability of 
the Vickers Marine and Ordnance Department to solve difficult ground 
support problems. An integrated package, this new valve consists of a 
metering-type, modulating flow control that is pressure compensated for a 
fixed pressure differential. An integral, motor-actuated, 4-way directional 
control regulates starts and stops in mid-cycle. 


Now in production, this valve can be used to control a broad range of accel- 
erations, decelerations and overrunning loads merely by varying combina- 
tions of orifice sizes and spool configurations. Horsepower input can be 
adjusted to meet onsite power availability. Valve output can be controlled 
electrically, mechanically or hydraulically. Mounting flexibility permits 
valve installation directly on the hydraulic cylinder. 


All units are factory pre-tested, interchangeable and require no external 
lines except to pump and tank. They are built to meet the most demanding 
reliability requirements. 


¢ erector 
and mast 
control valves, 
hydraulic power 
unit, test and 
checkout stands 
designed and built 
by Vickers 

Incorporated. 


If this valve offers a solution to your problems, call Waterbury, Connecticut, PLaza 
6-3684 (TWX: WBY 160) for more complete information. Write for a free copy of 
Bulletin 5303 “Vickers Oil Hydraulics for Missile Systems.” 


VICKERS INCORPORATED Hydraulic Products 


DIVISION OF SPERRY RAND CORPORATION for Marine 
Marine and Ordnance Department and Ground Defense 
WATERBURY 20, CONNECTICUT Applications 
MO.-219 DISTRICT SALES OFFICES: DETROIT, MICH. » EL SEGUNDO, CALIF. ¢ BERKELEY, CALIF. » WASHINGTON, D. C. « WATERBURY, CONN. 
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Built in Models 200, 400 and 600, KINNEY 
PW Packaged Pumping Systems consist of a 
KINNEY copper thimble type Cold Trap, Frac- 
tionating Oil Diffusion Pump, and two-stage, 
gas-ballasted Mechanical Vacuum Pump. 
High visibility instrument panel with all 
controls and electrical connections within 
easy reach. 


Get the greater utility and versatility built into these 
KINNEY PW Series High Vacuum Pumping Systems which 
users call “the workhorses of the modern laboratory.” 
These units will evacuate altitude chambers, tanks, 
furnaces, ovens, tubes, bell jars or other laboratory 
equipment, attaining pressures in the order of 5x 10° mm 
Hg. without coolant in the cold trap and substantially 
lower when coolant is used. 


These units are mounted on casters so that they can be 
moved readily to serve a variety of facilities, especially 
those which are fixed installations. A unique and exclusive 
High Vacuum Valve design enables the operator to rotate 
the Valve and position the suction connection horizontally, 
vertically, or at any angle in between. Thus, it is possible 
with a base plate assembly to quickly convert to an 
Evaporator. 


Bring your file of new developments in 
High Vacuum up-to-date. Write today. 


KINNEY wesc. oivision 

THE NEW YORK AIR BRAKE COMPANY (N) 
3528L WASHINGTON STREET + BOSTON 30 ¢ MASS 

Please send me Bulletin 4000.1 [] I am also interested in 


Mechanical Pumps [] Oil Diffusion Pumps (J Vacuum 
Furnaces [] Evaporators [] 


Name 


Company sess Senet She 1 ee ee ee 


Address 


City ae eee Fo Zone = State 
Write in No. 190 on Reader Service Card 
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A-C NETWORK ANALYZER 
is miniaturized 


Model 807, miniaturized A-C Network Analyzer, is com- 
prised of a 10-KC stabilized oscillator driving 4-amplifiers 
which simulate the generating stations. A single panel 
type indicating instrument isolated by electronic amplifiers 
measures power, voltages, currents, and vars, says General 
Electric Computer, Dept. S/A, Phoenix, Ariz. 

Line, load, and shunt capacity units are connected by 
patch cards to represent the network configurations under 
study. Standards of resistance, capacity and inductance 
are provided for calibrating the network constants. 

Write in No. 426 on Reader Service Card 


ROTARY RELAYS 
are miniature 


The VG series relays are rated at 5 amp for 100,000 
operations and can carry 10 amp for 25,000 operations 
and 15 amp for 2,500 operations, says Elgin National Watch 
Co., Electronics Div., Dept. S/A, 2435 No. Naomi St., 
Burbank, Calif. 

The units measure only % sq in and weigh 1.5 oz. They 
operate under vibration of 15 g’s from 55 to 2000 cps. 
with a shock rating of 100 g’s. The temperature range ex- 
tends from —65 deg C to +125 deg C. 

Write in No. 427 on Reader Service Card 


K-BAND MAGNETRON 
for missile application 


This fixed frequency K-band magnetron M4154 delivers 
a minimum peak power output of 20 Kw and can withstand 
a 30 g vibration test from 20 to 2000 cycles, says Sylvania 
Electric Products Inc., Dept. S/A, 1740 Broadway, New 
York 19, N.Y. 

In addition to these K-band magnetrons other types of 
K-band applications are available such as backward wave 
magnetrons (carcilnotrons) for the L- S- and X-band fre- 
quencies. 

Write in No. 428 on Reader Service Card 


AUXILIARY POWER 
for missiles 


An auxiliary power unit that will supply electric and 
hydraulic power to operate a missile’s guidance and con- 
trol systems eliminates external plumbing and is said to 
cut the number of valves in half. Designed to operate on 
ethylene oxide, it may also be used with hydrazine. With 
minor modifications a solid propellant can be used, accord- 
ing to The Garrett Corp., Dept. S/A, 9851 Sepulveda Blvd., | 
Los Angeles 45, Calif. It supplies 5 hp for a duration of 
7% minutes at specific load schedule. 

F Its altitude range is from sea level to more than 100,000 
Cet, | 


Wrife in No. 429 on Reader Service Card 


PRESSURE REGULATOR 
for missile use 


This high pressure regulator was designed for the Red- 
stone and Jupiter missiles. Recent tests indicate that the 
inlet pressure range band can be substantially enlarged | 
and still maintain the close control of outlet pressure in a 
single stage of regulation, according to Serodyne Controls 
Corp., Dept. S/A, 1783 New York Ave., Huntington Station, | 
N.Y. It is said to be compatible with most of the gases 
currently used in the aircraft and missile fields. | 

It will provide simplification of systems using a high-pres- 
sure source. | 

Write in No. 430 on Reader Service Card 
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SPACE/AERONAUTICS 


The “Countdown at Pesco” begins in 


laboratories far from the launching pads. It bégins 


with teams of resourceful Pesco engineers ..: men of 
vision eminently qualified to meet the technical 
challenges and rigid reliability requirements of the 
aerospace industry. All Pesco products shown at 
right are now critical components of operational air 
weapon systems. These components are the products 
of Pesco’s advanced engineering that anticipates the 
sophisticated requirements of the industry ... plus 
Pesco’s proven capacity for precision production to 
meet customer delivery schedules. Investigate Pesco’s 
capabilities before you specify on your next project. 


PESCO PRODUCTS DIVISION 


BORG -WARNER CORPORATION 
24700 North Miles Road e Bedford, Ohio 


EXPORT SALES: Borg-Warner International Corporation 
36 Wabash Avenue, Chicago 3, Illinois 


8700-PC 


Qo hunwgwN @® 8 


SEE IT NOW! 


COUNTDOWN 
AT PESCO 


Contact your nearest 
Pesco Sales Office or 
write direct for pri- 
vate showing. 


HYDRAULIC PUMPS 
& PUMP/MOTORS 


CRYOGENIC 
PUMPS 


STATIC 
INVERTERS 


ALTERNATORS 


COOLING 
PACKAGES 


ELECTRIC 
MOTORS 


AXIAL FLOW 
FANS 


HYDRAULIC POWER 
PACKAGES 


ERVO VALVES 


This new 20-minute full 
color film enables you 
to evaluate firsthand 
Pesco’s research, 
development and pro- 
duction capabilities. 


Write in No. 191 on Reader Service Card at start of Product Preview Section 
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handy, accurate 


‘FORCE | 
MEASURING 
INSTRUMENT 


proves ideal for 
research © 
inspection 
and 
production 
lines* | 


“Hundreds upon hundreds of these Hunter 

ce Indicators are being used in labora- 
ories, inspection departments, and on pro- 
duction lines for accurately measuring force 
-thrust or pull. 


rate to within one half of dial graduation 
these precision instruments are easy 
arty and easy to use in fixtures on pro- 
or inspection lines. The six stainless 


eect asure: 
; 5,6 Models, 
eries O80 990, and 900 \bs. 


THE HUNTER 


INDICATOR 


HUNTER SPRING COMPANY 
A Division of American Machine and Metals, Inc, 
LANSDALE, PENNSYLVAN 1A 

Write in No. 192 on Reader Service Card 
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ROTARY ACTUATOR 
has high torque 


This rotary torque actuator incor- 
porates full cushioning in providing 
0 deg to 370 deg of high torque ro- 
tation. Powered by air, gas, water or 
oil, it seals dead tight and will not 
back off under tension, shock, vibra- 
tion, or complete power failure, says 
Carter Controls, Inc., Dept. S/A, 2818 
Bernice Rd., Lansing, Ill. It may be 
stopped at any point in the rotation 
cycle. 

Standard cycles are: 0 deg to 100 
deg (providing a full 90 deg rotation 
with the five deg of over travel); 
0 deg-190 deg (providing a full 180 
deg); 0 deg-280 deg (full 270 deg) 
and 0 deg-370 deg (full 860 deg). 

Write in No. 431 on Reader Service Card 


PORTABLE SYSTEM 
checks control beacons 


or 


ea 
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Aircraft air control beacons may 
be checked out by either radiation 
or umbilical test methods with the 
ATC Transponder Ramp Tester, a 
85-lb ac or battery-operated system, 
says Packard Bell Electronics Corp., 
Dept. S/A, 12333 W. Olympic Blvd., 
Los. Angeles 64, Calif. The  self- 
contained device evaluates interroga- 
tor-response characteristics of the bea- 
con system and provides a go/no go 
direct readout. 

The device has a rechargeable bat- 
tery with a built-in trickler charge. It 
features tight, water-proof construc- 
tion and is designed for simple oper- 
ation and maintenance. 

Write in No. 432 on Reader Service Card 
more on page 294 


0 R H 32’ dia. Rotor courtesy 
] of WESTINGHOUSE 


UPGRADES GAS TURBINE ROTORS, 


STATORS, BLADES AND BUCKETS, DUCT AND FRAME 
ASSEMBLIES OF STAINLESS OR SUPER ALLOYS 


If you require intricate, precision-assembled sheet metal fabrications 


of stainless steel or super-alloy, your product's quality will be 
upgraded if the advanced STALKER ORTHOBRAZE PROCESS is used! 


If your objectives include savings in cost, weight, material utilization, 


as well as dimensional stability — and especially thermal 
stability — it will pay you to investigate. 


THE KER 


Write, wire or phone. Brazing design circular 
upon request. 


brazing and heat treat) 


CORPORATION 


905 Woodside Avenue 
Essexville, Michigan 


(U.S. Air Force certification for 


Phone: Bay City — 
TWinbrook 3-7562 


Write in No. 193 on Reader Service Card at start of Product Preview Section 
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Why the Atlas has an 18-8 Stainless skin 


This skin runs hot and cold. Cold because of liquid 
oxygen down at —297°F. And hot because of aero- 
dynamic heating which may heat i#t to the 400 to 
600°F range. 

The problem was to get a material which is strong 
in thin gauges of sheet, yet keeps its strength, tough- 
ness and ductility at extremely low temperatures... 
as well as moderately elevated ones. Of course, it 
must resist oxidation and many atmospheric en- 
vironments, too. 

Designers at General Dynamics-Convair Division 
found that the 18-8 Austenitic Stainless Steels, 


which contain about 8% Nickel, have excellent low 
temperature properties and meet all of the other 
requirements as well. In addition, 18-8 Stainless 
Steels can be formed and welded readily. 

Easily fabricated 18-8 Stainless Steels could be 
your answer to a sub-zero problem. If you’d like 
information on their low temperature properties, 
it’s yours for the asking from Inco. 


THE INTERNATIONAL NICKEL COMPANY, INC. 


wc 


New York5,N.Y. 


67 Wall Street 


INCO NICKEL 


NICKEL MAKES ALLOYS PERFORM BETTER LONGER 


Write in No. 194 on Reader Service Card at start of Product Preview Section 
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In tubing, glass and asbestos tapes and 
fabrics, and tadpole gasketing, three 
coating materials provide separate ad- 
vantages for the aviation industry: 


“Teflon” *—offers amazing resistance to 
abrasion, is nonadhesive, and cannot 
be harmed by any known solvent. Tem- 
perature extremes have little effect on it. 


Neoprene—R/M Neoprene coated asbes- 
tos textiles stand up to a temperature 
of 2000°F for 15 min. without sign of 
flame penetration. Formulated in a 
wide range of hardness and density. 


Silicone Rubber—excellent performance ~ 


under temperature extremes. Does not 
become either brittle or gummy and 
has exceptional resistance to aging, 
compression set and chemicals. 


R/M products coated with one of these 
materials mean greater safety in the air 
and on the ground. “Teflon” impreg- 
nated tubing is widely used as a pro- 
tective covering for battery cables and 
fire detection wire; Neoprene coated as- 
bestos fabrics for firewalls; and silicone 
rubber tadpole tapes for jet engine 
compartment and door seals. 


R/M engineers have amassed a 
wealth of experience in manufacturing 
packings and gasket materials to satisfy 
the exacting and varied requirements 
of the aviation industry. This experi- 
ence is at your disposal—call on R/M, 
whatever your packing needs. 


**A Du Pont trademark 


PACKINGS 


RAYBESTOS-MANHATTAN, INC. 


PACKING DIVISION, PASSAIC, N.J. 
MECHANICAL PACKINGS AND GASKET MATERIALS 


RAYBESTOS-MANHATTAN, INC., Mechanical Packings e Asbestos Textiles » Industrial Rubber e Engineered Plastics 


Sintered Metal Products « Abrasive and Diamond Wheels 
Brake Blocks « Clutch Facings Industrial Adhesives Laundry Pads and Covers « 
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Rubber Covered Equipment Brake Linings 
Bowling Balls 


Write in No. 195 an Reader Service Card at start of Product Preview Section 
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VOLTAGE REFERENCE 
offers cell stability 


Outstanding stability over wide va- 
riations in input and environment is 
provided by a voltage reference with 
a one-V dc output operating into 
1000 ohms, says Networks Electronic 
Corp., Dept. S/A, 14806 Oxnard St., 
Van Nuys, Calif. Output is held to 
+1.2 mv over inputs from 100 to 
180 V ac and frequencies from 25 
to 10,000 cps. 

The device may be used as a 
reference voltage source in power 
supplies, metering circuits and strip 
chart recorders. Temperature range 
for the stability rating is —55 to 
+100 deg C, or any combination of 
specified variations in temperature 
and power input. The unit weighs 
three oz, is 1.75 in long and 1.85 in 
in dia, mounts in any position, and 
can be plugged into a_ seven-pin 
miniature tube socket. Power required 
is three va nominal. 

Write in No. 433 on Reader Service Card 


ACTUATORS 
for very small switches 


These two auxiliary actuators have 
been designed for use with the 
1SX1-T sub-subminiature switches in 
applications such as aircraft relays, 
computers, rocketry equipment, and 
satellite gear, says Micro Switch Div., 
Minneapolis-Honeywell Regulator Co., 
Dept. S/A, Freeport, Ill. The cor- 
rosion-resistant steel actuators absorb 
the side thrust that a cam or slide 
might exert on the switch plunger. 

Catalog Listing JX-40 has a leaf 
actuator to accommodate low angle 
or slow moving cams or slides, and 
Listing JX-50 has a roller leaf actu- 
ator for rapid cam or slide operation. 

Write in No. 434 on Reader Service Card 
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» “ASTROLITE PROPELLA 
CHAMBER LINER 
se z 
ELECTRICALLY-HEATED 
INSULATION BLANKET 


“ASTROLITE AFT CLOSURE 
“ASTROLITE BLAST TUBE 


* 


fe ‘ 
“ASTROLITE NOZZLE COMPONENTS 
(SOLID & LIQUID ENGINES) 


* REINFORCED PLASTIC FINS 


MISSILE DESIGN WITH H/ITCO /N M/IND 


Missile design is probably the world’s most exacting technology relative to the need for high tem- * REFRASIL Materials 

perature insulation materials. * HITCO Metal Blankets 
HITCO is one of the world’s leading developers and manufacturers of ultra-performance * THERMO-COUSTI Materials 

thermal materials capable of resisting extremely high temperatures, even up to 15,000°F. for + THOMPSOglas Materials 


¢ ASTROLITE Reinforced Plastics 


e HITCORE Structural 
Core Materials 


short duration! 
If you are looking for down-to-earth answers for out-of-this-world high temperature problems, 


keep HITCO in mind in your Missile Design! 


Call or write us for Capabilities Brochure 
and complete Technical Data 


on HITCO Products. 


H. 1. THOMPSON FIBER GLASS CO. 


WRITE OR CALL YOUR NEAREST HITCO REPRESENTATIVE: EASTERN: Tom Kimberly, 38 Crescent Circle, Cheshire, Conn., BR 6544; Fred W. Mut f 6659 { 
Md., VA. 5-3135 * MIDWEST: Burnie Weddle, 3219 W. 29th St., Indianapolis 22, Ind., WA. 5-8685 * SOUTHWEST: Marshall Morris, 2850A W. Berry, Rm. 7, Fort Worth, Tex., WA, 4-8679 
NORTHWEST: J. L. Larsen, 5757 Oaklawn Pl., Seattle, Wash., PA. 5-9311 * CANADIAN PLANT: THE H. 1. THOMPSON CO. OF CANADA LTD., 6 i t suelf A. 2-663 
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Airborne applications of the AAE hoist 
system include external cargo handling of 
materials by helicopters. 


Aireraft and missile ground handling op- 
erations require the lightweight and precise 
control of the AAE hoist system. 


Single-hoist AAE systems are used aboard 
dir-cargo carriers for swift, accurate han- 
dling of heavy loads. 


2% 


MEW AAE MULTI-HOIST SYSTEM 


All American Engineering, specialists in lightweight, special-duty 
precision winches, now offers a multi-hoist control package utiliz- 
ing the service-proven Model 61 winch and a newly-developed, 
one-hand, control system. Current applications include the adoption 
of the AAE multi-hoist system for the North American Aviation 
B-70 advanced global bomber. 


Available in single, double or four-winch packages, the AAE hoist 
system can be used for ground or airborne applications. The light- 
weight, compact Model 61 winches can be mounted on the floor or 
overhead, upside down or right side up. The simple hand control 
of the hoist system permits the operator to start, stop and reverse 
all winches, or to adjust the load by inching along with only one 
or two winches. 


The new AAE multi-hoist system is particularly applicable to the 
precision requirements of the aero/space age. In addition to its 
military and civilian uses for aircraft and missile operations, either 
ground or airborne handling, the AAE multi-hoist system has 
specialized applications for materials handling, construction and 
maintenance work. 


4 way i 
Momentary switch 

selector Hold in for UP 

switches Se 

Momentary \ 

switch 

Actuation =e 


Momentary switch 
Inch 


A 50-pound winch with a 3-ton The pistol-grip control is simple, 
lift capacity, the Model 61 is com- accurate, easy to operate. Load 
pact and complete with a self- movement can be controlled down 
contained motor. to one-eighth of an inch. 


To find out how the AAE Multi-Hoist System fits your handling requirements,write to: 
RESEARCH + DESIGN + MANUFACTURE 


N ENGINEERING COMPANY 4 


BuPont Airport ¢ Wilmington 3, Delaware 


Write in No. 197 on Reader Service Card at start of Product Preview Section 
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AN ASW SYSTEM...DISPLAY/AIRBORNE RECEIVER/SONOBUOYS 


Anti-submarine warfare equipment designed, 
developed and produced by The Magnavox 
Company, in conjunction with the Navy De- 
partment, provides patrol aircraft with eyes 
that see underwater by day and by night. The 
AN/ASA-16 Display System, together with 
SONOBUOYS, AN/ARR-26 Receiver systems 
and other associated equipment provide air- 
craft with a clear picture of the ocean-depths 
below them. They are part of the continuing 
contributions of The Magnavox Company in 
aiding the U.S. Navy to combat the growing 
submarine menace. 


MAGNAVOX capabilities are in The Fields Of Atr- PRODUCTS 
borne Radar, ASW, Communications, Navigation 

Equipments, Fusing and Data Handling .. . your THAT SEE BY 
inquiries are invited. THEMSELVES 


UY, 
hi Po 


DATA HANDLING 


THE MAGNAVOX CO. *¢ DEPT. 122 * Government and Industrial Division « FORT WAYNE, IND. 
Write in No. 198 on Reader Service Card at start of Product Preview Section 
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in spools or coils! 


@ FLEXIBLE — may be manipulated at all tempera- 
tures, —70° to +500° F. without cracking or 
checking. Dielectric strength remains even when 
sleeving is knotted. 


@ HIGH DIELECTRIC STRENGTH — up to 7000 


Volts, depending on grade. Certified to meet 
government specification MIL-I-3190, latest re- 
vision. 

@ RADIATION RESISTANT - retains nonconduc- 
tive properties under greater-than-average ran- 
dom intensities. 


@ WIDE RANGE OF SIZES —.010” LD. to 3” 
I.D. Larger sizes possible. 


@COLOR CODED — available in 12 brilliant, 
non-fading colors. 

@ CHOICE OF LENGTHS —for the first time, 
continuous lengths up to 5000 feet available, thus 
eliminating waste. 36 inch lengths where pre- 
ferred, 


@ DEPENDABLE, FAST DELIVERY — Immediate 
delivery on standard items from stock . . . 48 
hours for new production. 


a silicone resin sleeving 
so flexible you can get it 


‘VARGLAS 


SILICONE RESIN 


500” 
SLEEVING 


Extremely useful where minia- 
turization increases heat and 
dielectric load on smaller wires, 
Varglas Silicone Resin ‘'500”’ is 
only one of many sleevings 
made by Varflex for this type 
of service. If you have a special 
insulating problem, call on our 
engineers for modifications of 
existing products, or for de- 
velopmental work to meet 
stringent new requirements. 


@ Send for free testi samples. 


SALES CO., INC. 


PRODUCT PREVIEW 


RHENIUM METAL 
for high temperatures 


Wrought rhenium for rod, wire, 
and strip with a melting point of 
5756 F. is surpassed by only one 
metal, tungsten, and one nonmetal, 
carbon, according to Chase Brass & 
Copper Co., Dept. S/A, 236 Grand 
St., Waterbury 20, Conn. While not a 
structural metal, rhenium holds prom- 
ise as a welding material for molyb- 
denum, either pure or alloyed with 
molybdenum. 

The electrical properties of rhen- 
ium may allow a major breakthrough, 
it was said, in the critical search for 
more reliable electrical and electronic 
components. 

Write in No. 435 on Reader Service Card 


FIVE-WATT RESISTOR 
for printed circuit use 


Type PC 5, a low-operating-tem- 
perature 5 watt resistor, is designed 
for printed circuit use. All materials 
are inorganic for fullest protection 
against flame or decomposition at 
overload conditions says International 
Resistance Co., Dept. S/A, 401 No. 
Broad St., Philadelphia 8, Pa. 

Alloy-coated leads for positive sol- 
dering are secured to a resistance 
element uniformly and tightly wound 
on a glass fibre case, and sealed in 
a rectangular ceramic case. 

Write in No. 436 on Reader Service Card 


INSULATORS 
hermetically. sealed 


These teflon feed-thru insulators are 
designed for permanent and demount- 
able applications. The permanent type, 
CF-400, incorporates a hermetic solder 
seal, The semi-permanent seal, CF- 
414, utilizes silicone rubber O rings, 
according to Fluorocarbon Products, 
Inc., Dept. S/A, Camden 1, N. J. The 
CF-400 provides a fluorocarbon metal 
fused seal permitting soldering direct- 
ly to the deck. It is said to be capable 
of holding a vacuum and containing 
oil for indefinite periods. 

The CF-414 is moisture proof. Both 
use nickel plated brass hardware for 


“Never Satisfied Until You Are’”’ 
Manufacturers of Electrical Insulating Tubing and Sleeving © 316 Jay St., Rome, N.Y. 
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corrosion and weather resistance. 
Write in No. 437 on Reader Service Card 
more on page 300 
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field fabricating 


Need a part fabricated quickly for prototype development? Need a 
truckload of parts to keep your production lines running? Call your local 
Fabricator of Industrial Formica laminated plastics. One or one million, 
he'll fabricate and deliver your Formica laminated plastic parts on a 
Streamliner schedule—within 24 hours in some cases. 


He’s located near you, offers more frequent contact. In many cases 
he stocks standard Formica sheets and rods for Streamliner delivery in a 


Formica® Field Fabricating Sede ee 
better 3 ways: The new Formica field fabricating service is without equal. It can 
1 save you time and money in more efficient parts procurement. Write us 
Faster delivery on a totebox-ful = for complete information and the name of the fabricator nearest you. 
or a truckload Formica Corporation, subsidiary of American Cyanamid, 4038 Spring 


Grove Ave., Cincinnati 32, Ohio. 

2 Highest quality assured by fab- 

ricating specialists and modern 
equipment 


3 24-hr. delivery on standard 
Formica sheets and rods 


a product of 


F1-2076 


Write in No. 200 on Reader Service Card at start of Product Preview Section 
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SOUTHWEST 
mid a4 


@) 


SELF- ALIGNING 
BEARINGS 


ROD END 
TYPES 


PATENTED U.S.A. 
All World Rights Reserved 


CHARACTERISTICS 
RECOMMENDED USE 


ANALYSIS 


F For types operating under high 
1 Stainless Steel Ball 1 temperature (800-1200 
and Race degrees F.). 


‘For types operating under 
2 ipinlar pad Steel 1 high radial ultimate loads 


(3000-893,000 !tbs.). 


Bronze Race and For types operating under 
3 Chrome Steel Ball normal loads with minimum 
friction requirements. 


Thousands in use. Backed by years of service 
life. Wide variety of Plain Types in bore sizes 
3/16” to 6” Dia. Rod end types in similar size 
range with externally or internally threaded 
shanks. Our Engineers welcome an opportunity 
of studying individual requirements and pre- 
scribing a type or types which will serve under 
your demanding conditions. Southwest can 
design special types to fit individual specifica- 
tions. As a result of thorough study of different 
operating conditions, various steel alloys have 
been used to meet specific needs. Write for Engi- 
neering Manual No.551. Address Dept. S/A 59. 


SOUTHWEST PRODUCTS Co. 


1705 SO. MOUNTAIN AVE., MONROVIA, CALIFORNIA 


Write in No. 201 on Reader Service Card 
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VIBRATION TESTING SYSTEM 
rated at 175 KVA power output 


This wide-band A-182 Shaker is rated at 25000 lb force 
output over a range from 5 to 2000 cps, says Ling Elec- 
tronics, Inc., Dept. $/A, Culver City, Calif. The 4-cubicle 
assembly measures 18 ft in overall length and 5 ft in 
depth and almost 6 ft in height. 

Included features are the 340 Ib extended webbed- 
aluminum armature for maximum armature rigidity and 
the exclusive symmetrical-loop flexure suspension which 
provides resonant-free rectilinear motion with high trans- 
verse stiffness. 

Write in No. 438 on Reader Service Card 


POWER FERRITE 
for low frequencies 


Type R-03 power ferrite has an almost perfectly rec- 
tangular hystereses loop that provides high-efficiency op- 
eration in the frequency range from 400 cps to 1500 eps, 
says Allen-Bradley Co., Dept. S/A, 136 W. Greenfield Ave., 
Milwaukee, Wisc. 

The magnetic properties of the ferrite are: saturation 
induction at 10 oersted, 8900 gauss; remanence induction 
8360 gauss; coercive force 0.37 oersted; and maximum 
differential permeability of 40,000, with d-c test current 
in all cases. 

Write in No. 439 on Reader Service Card 


LIGHTHOUSE TRIODE 
for high frequency application 


The metal ceramic GL-6771 tube is particularly suited 
for use as a continuous wave oscillator to frequencies as 
high as 4000 mc/sec. Used as such, it offers 200 to 300 
mw of nonsquegging CW power, says General Electric 
Co., Dept. S/A, Schenectady 5, New York. 

As a frequency doubler 1000 mc, 2 w of output power 
may be obtained with only 800 mw of driving power. 
The approved construction has resulted in extremely small 
size—2% in long and 19/32 in. in diam exclusive of the 
grid flange—lightweight, increased resistance to vibration 
and thermal stability of the electron structure. 

Write in No. 440 on Reader Service Card 


DIGITAL VOLTMETER 
is completely transistorized 


Model V-84 stepping-switch Digital Voltmeter automat- 
ically measures voltages from +100 microvolts to +1000 
volts. The logic circuits are completely transistorized result- 
ing in the fewest stepping switch operations possible during 
the balancing process, says Non-Linear Systems, Inc., Dept. 
S/A, Del Mar, Calif. 

For maximum life and ease of maintenance the unit uses 
stepping switches sealed in oil, in individual, interchange- 
able, plug-in containers which can be removed instantly. 
Facility for operating and controlling digital data printers 
is standard in very model; no printing control module is 
necessary. 


Write in No. 441 on Reader Service Card 


; IONIZATION GAUGE 
will measure ultra-high vacuums 


Model 2205-01 is a modified ionization gauge which in- 
Sures more accurate measurement of vacuums down to 
107° mm hg, and permits direct reading down to 1072 
mm hg, says NRC Equipment Corp., Dept S/A, 160 
Chalremont St., Newton, Mass. Highest full-scale reading * 
is 103 mm hg; and lowest 10719 mm hg. 

Write in No. 442 on Reader Service Card 
more on page 302 
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Bon. 


Economical stock-model 


Coles Mobile Cranes’— with 


remote control — for | 


recision-spotting, safety, relia bility 


hie 50ton capacities. Write Coles Cranes, Inc., Joliet, Illinois 


oe 


PRODUCT PREVIEW 


VARIABLE INDUCTANCE CORES 


‘ THE are silicon-iron type 
PART THAT 
“COULDN'T 
| BE 
FORGED” 


Jet Engine Fin Vari-Henry, adjustable inductance, 
is available in two types: A single 
winding type having a ratio of maxi- 
mum to minimum inductance in ex- 
cess of 6 to 1, a two winding type for 
series of parallel connection, having a 
ratio of maximum to minimum induc- 
tance in excess of 24 to 1, says Mag- 
netic Specialties, Inc., P.O. Box 476, 
Trenton, N.J. 

Vari-Henry core sizes and windings 
are engineered to meet individual 
needs. In 60 cps applications, VA 
ratings range from 150 VA for the 
smallest units to 800 VA for the largest 
units. 

Write in No. 443 on Reader Service Card 


PUSH-BUTTON SWITCH 
environment free 


The jet engine fin shown above, is just one of many difficult 
configurations that Arcturus has forged after others said it 
couldn’t be done. Originally these fins were machined from 
a forged rolled ring...a time-consuming, expensive procedure. 


Using their highly-advanced techniques, Arcturus developed a 
method for forging the part, saving substantially on material 
and machining time...resulting in a cost reduction of 38%. 


Chances are you are now buying machined parts that 
Arcturus could forge much more efficiently...saving 
substantially on material, weight, machining and total cost. ; i 

High and low temperature alloys are our specialty. Why This sealed push-button switch has 


SA ee he ane re ae ; ; ; 9 overall dimensions %4 in. in diameter 
awings and specifications right now? and 1% in. high. A combination of an 


O-ring in the stem containing the 
plunger and potting around the leads 


FORGE AHEAD WITH seals out dirt, moisturen and oil, ac- 


cording to Electrosnap Corp., Dept. 


S/A, 4220 W. Lake St., Chicago 24, 
f° ge f° Ill. The stem and pushbutton plunger 
are stainless steel, the housing monel. 


A scraper built into the stem pre- 


MANUFACTURING CORPORATION Vents tee sud cist framy fow ling aig 


plunger. 


4307 Lincoln Blyvd., Venice, California « UP 0-2751 re putmesere i 


SPACE/AERONAUTICS 


Write in No. 203 on Reader Service Card at start of Product Preview Section 


302 


C 
is 


ng2. 
+5 


WITH GOOD FABRICATION PROPERTIES 


AM 350 and AM 355 are metals for the space age! The combination of easy fabrication 

with high strength-to-weight ratio of AM 350 and AM 355 interests missile and supersonic aircraft 
designers with problems of high strength at elevated temperatures. 

This pair of precipitation hardening stainless steels from Allegheny Ludlum research 

are easy to fabricate in the annealed condition. They can be spun, drawn, formed, machined, 
brazed and welded using normal stainless procedures. 


Both alloys have high strength without embrittlement from room temperature to 1000°F, plus good 
ductility at elevated temperatures. They have remarkable stability and excellent corrosion resistance. 


AM 8350 is available in sheet, strip, foil, small bars and wire. AM 355, best suited for heavier 
sections, is available in forgings, forging billets, plates, bars, wire, sheet and strip. 


For further information, see your A-L sales engineer or write for the new technical booklet, “AM 350 
and AM 355,”’ Allegheny Ludlum Steel Corporation, Oliver Building, Pittsburgh 22, Pa. 


622 


ALLEGHENY LUDLUM 


EVERY FORM OF STAINLESS... EVERY HELP IN USING IT 
Write in No. 204 on Reader Service Card at start of Product Preview Section 
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Who needs feedback? tne 


patented chronometric governor of this 
standard DC Timing Motor is a tyrant. 
Without any other circuitry, it holds the 
motor output speed within + 0.1% while 
driving charts, cams, contacts, actuators 
or other devices. It holds the rate even 
if output shaft load, line voltage, or 
ambient temperatures change. And that’s 
just the standard model of this little gem. 
Custom variations can do even better, un- 
der special conditions. The A. W. Haydon 
Go. knows all about timers and timing. 
If you have a specific timing problem, 
you ought at least to have our literature. 
Bulletin MO 802 is yours for the asking. 
(On 5800 Series A ~~ -s. chronometri- 

cally governed 0G Motors) 


oe" 


00 Series 
C Motor with 
chronometric 
governor 


COMPANY 


223 North Elm Street, Waterbury 20, Connecticut 
Write im No. 205 on Reader Service Card at start of Product Preview Section 
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VALVE 
protects pressure gauges 


Ultra-sensitive, low pressure wind 
tunnel and environmental chamber in- 
strumentation can be protected down 
to minus ten psig by this low-cost, 
small valve, says Fisher Controls, Inc., 
Dept. S/A, 1928 Lincoln Blvd., Santa 
Monica, Calif. The unit utilizes a ref- 
erence pressure port. 

Maximum weight of the device, 
which is available in 11 combinations 
of pressure connect’ons, is five oz. 

Write in No. 445 on Reader Service Card 


MICROWAVE ABSORBER 
in rod form 


Rodite No. 75 microwave absorb‘ng 
material is now available in rod form 
—in convenient sizes for experimental 
fabrication, says Radar Design Corp., 
Dept. S/A, Packard Drive, Syracuse 
11, N.Y. The material is recommended 
in the design of microwave attenuators 
and terminations. 

Write in No. 446 on Reader Service Card 


MINIATURE GEARS 
anti-backlash 


These anti-backlash gears for use in 
servo and instrument designs have an 
overall length 4g in in the clamp-on 
version. An internal spring is used and 
the floating gear is prewound and re- 
strained. Gear assembly is meshed 
merely by displacing the floating por- 
tion % tooth, says Precision Mechan- 
isms Corp., Dept. S/A, 577 Newbridge 
Ave., E. Meadow, N. Y. They meet 
Mil-E-5400 requirements. 

The standard gears are 96 pitch, size 
range is 66 to 110 teeth, bores are 
-090, .120, and .125. Tolerances are 
in accordance with AGMA precision 1 . 
or better. 

Write In No. 447 on Reader Service Card 
more on page 306 
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: ® 
Automatic Oine-Wrap machine speeds production 


Ever looking ahead to the challenge of to- 
morrow, Gardner-Denver men constantly 
seek new and better ways to cope with 
the growing complexity of industry and 
the resultant tough problems that lie 
ahead. At Gardner-Denver there’s no sub- 
stitute for men—our 100-year philosophy 
of growth. 


November 1959 


on vital military project 


To produce electronic equipment containing literally thousands 
of connections packed into a small space—that was the problem 
facing engineers recently on an important new military project. 
The solution came in the form of this unique “‘ Wire-Wrap”’ machine 
—designed and built by Gardner-Denver. 

Operated either manually or automatically by punched cards or 
tapes, the machine can place 10,000 wires on a 20” x 20” modular 
terminal board. It wraps all terminals for lastingly secure, solder- 
less connections—in a 10” x 10” wrap area—and puts as many as 
three connections on each terminal, completing the entire wrapping 
cycle for one wire in approximately six seconds. 

This is just one more example of special machines designed and 
built for reliability—by Gardner-Denver. If you have a special 
problem in multiple operations of connecting wires, drilling holes, 
or fastening screws and nuts, it'll pay you to talk to a Gardner- 
Denver special machines engineer. Ask for bulletins. 


EQUIPMENT TODAY FOR THE CHALLENGE OF TOMORROW 


GARDNER - DENWER 


Gardner-Denver Company, Quincy, Illinois 


j In Canada: Gardner-Denver Company (Canada), Ltd., 14 Curity Avenue, Toronto 16, Ontario 
Write in No. 206 on Reader Service Card at start of Product Preview Section 


Justa tnistof 


e WhiSt... 


FOR CHIP INSPECTION— 


NO WIRES e NO TOOLS 
¢NO DRAIN PANS... 


Tedeco Bayonet Type Self-Closing 
Magnetic Drain Plugs make routine 
inspection easy. An inward push and 
slight turn removes plug. Valve closes 
automatically. For drain or refill, bayo- 
net connection hose available. 


TEDECO 


BAYONET TYPE 
SELF-CLOSING 


MAGNETIC 


TECHNICAL DEVELOPMENT CO. 
Glenolden, Pa. — LUdiow 3-3330 


Write in No. 207 on Reader Service Card 


PRODUCT PREVIEW 


SOLID STATE RELAY 
has no moving parts 


This solid state relay features no 
moving parts, yet has snap action 
characteristics with a pick-up time 
of about 5 usec and drop-out time of 
about 30 usec, says Pendar Inc., Elec- 
tronics Div., Dept. S/A, P.O. Box 
3355, Van Nuys, Calif. 

The 28 vd-c coil circuitry is com- 
pletely isolated from the switching 
circuit and the unit responds to 18 
volts pick-up and 11 volts drop-out. 
Temperature range is from —55 deg 
F. to + 160 deg F. 

Write in No. 448 on Reader Service Card 


GAS CONTROL CONSOLE 
for high pressure 


Designed as ground support equip- 
ment for use during checkout and 
launching of an ICBM, this model 
13581 high pressure gas console ac- 
cepts inert gas from. four external in- 
let pressure sources up to 8000 psig 
and provides twelve outlets which are 
precisely regulated from three to 
5500 psig, according to Haskel En- 
gineering & Supply Co., Dept S/A, 
1236 So. Central Ave., Glendale 4, 
Calif. It comprises four sections, or 
sub-systems, operated independently 
or simultaneously. 

Pressure sources ranging from 1300 
to 8000 psig connect to the four- 
system inlets. 


Write in No. 449 on Reader Service Card 
more on page 308 


—— 


specify... 
G-E SOLID 

TANTALYTIC* 

CAPACITORS 


for transistor circuitry, both in military 
and industrial electronic applications. 


@ Offer small size, stable operating char- 
acteristics, long shelf life, and operating 
temperatures from —55C to +85C. 


@ Selected ratings to 50 volts d-c and 
capacities to 22 mfd in units as small as 


.003 cu. in. 


e Have mechanically rugged, hermetical- 
ly sealed, dry construction to eliminate 
leakage and corrosion. 


SPECIFYING INFORMATION onG.E.’s 
Tantalytic line is available from your 
nearest Apparatus Sales Office, or write 
for GEZ-2796A, to General Electric, 
Section 449-13, Schenectady 5, N. Y. 


*Registered Trademark of General Electric Co. 


GENERAL (@ ELECTRIC 


Write in No. 208 on Reader Service Card 
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GABB FC-3500 


TANK 


FILLER 
CAP 
AND 

ADAPTER 


TYPICAL 
SERVICE APPLICATIONS 


; Military and Commercial 
Synthetic oit Hydraulic Reservoirs 
Military and Commercial 
Hydraulic Reservoirs 
Military and Commercial 
Fuselage and Wing Tanks 
Military and Commercial 
Fuselage, Wing and Drop 
Tanks, Fire Bombs 
Military Fuel Tanks 


Commercial Fuselage 
and Wing Tanks 


WEIGHT 
POUNDS 
31 


FC-3510 


FC-3520 Hydraulic oil 


Fuel, engine oil, 


FC- 
C-3500 water-alcohol 


37-3530 


Fuel, water-alcohol 


FC-3700 
FC-4000 


Fuel, water-alcohol 


The Gabb Adapter and Cap Unit, Tank Filler, is the first 3 inch 
assembly to successfully pass all the requirements of specification 
of MIL-C-7244 B (ASG). It is applicable to fuel, oil, water-alcohol 
and hydraulic reservoirs. This self-contained, flush mounted unit 
permits tank pressure relief by means of a lever action handle 
prior to removal of the cap from its adapter. Subsequent removal 
of the cap requires only a 35° rotation of the same handle. 
Write for free brochure No. 435. 


GABB speciat prooucts inc’ 


WINDSOR LOCKS, CONN. 


Write in No. 209 on Reader Service Card 
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SALES 


ENGINEERING 
- finds best way | 
todo your. 
job 


PRODUCTION — 
turns it out 
n schedule 


LABORATORY 
— controls quality 


SALES 
— coordinates services 
to deliver the 
part you need 


that helps you 
DEVELOP and GET 
the part 

you need 


When you go to T & W for 
forgings or stampings, an 
entire team swings into 
action. Experts working 
together solve problems 
and get results — perform 
at a level far above that 
which “routine” handling 
provides. T& W Technique 
develops for you forgings 
and stampings meeting 


your most exacting needs. 


SALES OFFICES: 

NEW YORK + PHILADELPHIA 
STAMFORD + CHICAGO 
INDIANAPOLIS + DETROIT 
HOUSTON + LOS ANGELES 


The forging in the 
illustration at left is a 
missile part, meeting 
requirements of the 
exacting kind encoun- 
tered for rocket, missile, 
ond aircraft production. 


T & W Technique makes 
possible production of 
many parts unusual in 
contour or tolerance, 
from various alloys. 
Above isa stainless 


steel stamping a tank 
25" x 18" x 12%". 


Write for COUNTDOWN 
COORDINATION, show- 
ing how T & W facilities 
con help you. 


TRANSUE & 9 some Title 
WILLIAMS °° 


Street 


ALLIANCE, OHIO, U.S.A. City She 


FORGINGS 


& DEEP DRAWN 
STAMPINGS 


Write in No. 150 on Reader Service Card at start of Product Preview Section 
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special purpose tools | 
= MAKE TOUGH 
JOBS EASY! 


nn ee 


A. MILBAR CLOSE-CLEARANCE RATCHET WRENCH ° 
for tightening or removing twelve-point or hex-head screws 
and nuts. Fits in the tight spots where regular wrenches 
won’t work. Smooth ratchet action. Several sizes available. 
Widely used in aircraft and missile industries. 


B. MILBAR SNAP TORQUE TOOL—with pre-set torque. 
A “click” you can feel and hear tells when proper torque is 
reached. A choice of head types for specific jobs. Widely 
used on production lines in the automotive and aircraft 
industries. 


C. MILBAR SNAP RING TOOL—the original and most 
widely used tool with replaceable points of different shapes 
and sizes. Tool lasts forever—just change points for the job 
at hand or when they wear out. Special points for holeless 
snap rings. 


D. MILBAR WIRE TWISTER—for smooth, automatic one- 
hand operation. Extra large serrated jaws assure a longer 
life and non-slip grip. Spring return and squeeze release 
eliminates need for shifting hands. Twists and cuts wires 
with no waste motion. 


E. MILBAR GEARED RIGHT-ANGLE TOOL—for easy 
access to “tight” spots. Fits all standard 34” drive exten- 
sions, sockets and ratchets. Reaches around corners and 
delivers increased torque for tightening or removal. Elimi- 
nates unnecessary removal of parts to get at the job to be 
done. Fully proven and tested by thousands of users. 


Send for your free brochure describing these, and other, MILBAR 
Special Purpose Hand Tools. MILBAR has the engineering facilities 
and personnel to solve your special problems where sufficient volume 
is involved. 


MILBAR CORPORATION 


1900 EUCLID AVENUE s CLEVELAND 15, OHIO 


Write in No. 238 on Reader Service Card 
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PRODUCT PREVIEW 


TRANSISTOR TRANSFORMERS 
for power supplies 


The TY series of transformers are designed for use in 
transistor power supplies. The units provide d-c outputs 
from mobile supplies of either 6, 12, or 28 Vd-c, says 
Triad Transformer Corp., Dept S/A, 4055 Redwood Ave., 
Venice, Calif. 

The operating frequency falls in the range between 
2500 cps for higher power units, to 5000 cps for the low- 
power line. These rugged and compact units can be stacked 
on a single mounting bolt through a centrally located hole, 
and series-parallel connections are easily made to the 
terminal pins. 

Write in No. 450 on Reader Service Card 


CRYOSTAT COOLING SYSTEMS 
improve infra-red detector units 


Two types of cryostat cooling systems, designed to im- 
prove the sensitivity and spectral response of infra-red de- 
tector units on missiles, says The Garrett Corp., Dept. 
S/A, 9851 Sepulveda Blvd., Los Angeles 45, Calif. 

Specifically the AiResearch Systems cool the semiconduc- 
tor elements which detect infra-red radiation produced by 
heat from the target which the missile is seeking. One 
system uses liquid nitrogen at low pressure with a special 
Dewar flask. Another method uses nitrogen gas contained 
at high pressure. 

Write in No. 451 on Reader Service Card 


EPOXY RESIN SYSTEM 
is flexible 


Hysol 6621 is a flexible epoxy resin system with an ex- 
ceptional wide range of possible cures and can be used 
for potting transistorized circuits and transformers having 
strain sensitive cures, says Houghton Lab, Inc., Dept. 
S/A, Houghton Ave., Olean, N.Y. 

Providing excellent resistance to thermal and mechanical 
shock, castings of Hysol 6621 containing large steel inserts 
of various configurations have been cycled between —65 
and +150 deg C with no cracking. 

Write in No. 452 on Reader Service Card 


KRT 
has high resolution 


Drive requirements for the WX-3798 cathode ray tube 
is from five to ten V for peak brightness as compared to 
85 to 40 V for conventional tubes, says Westinghouse 
Electric Corp., Dept. S/A, Box 2278, Pittsburgh, Pa. The 
high-resolution tube, an electrosatic focus, magnetic-de- 
flection type for transistorized video amplifiers, produces 
a scanning line 0.0015 in wide, and video bandwidths up 
to 20 mc can be achieved. 

A specially ground P-11 phosphor and a metal-backed 
screen are used to obtain maximum light output. The 18% 
in tube has an optically flat facepate. 

Write in No, 453 on Reader Service Card 


CONNECTORS 
with snap-in contacts 


Miniature electrical connectors with snap-in contacts and 
crimp-type terminations feature insertable and removable 
pins and sockets, formulated and molded silicone inserts, 
continuous dielectric separation with no voids, and an ex- 
clusive ball-lock coupling ring, says Deutsch Co., Dept. 
S/A, 7000 Avalon Blvd., Los Angeles, 8, Calif. Delivered 
completely assembled except for insertion of contacts. 

They are unaffected by temperature extremes from —100 
deg to an excess of 800 deg F and meet or exceeds appli- ° 
cable requirements of MIL-C-5015. 

Write in No. 454 on Reader Service Card 


more on page 310 


SPACE/AERONAUTICS 


ARMCO SYTEELS/for Aircraft and Missiles 


FOR THOSE LITTLE PARTS WITH BIG JOBS 
ARMCO 17-4 PH, 17-7 PH, 
PH 15-7 Mo STAINLESS STEELS 


New steels are 
born at 
Armco. 


For bolts, rivets, shafts, gears, springs, valves, hydraulic units, guidance 
components, and the thousand and one vital parts of aircraft and missiles 
that must operate with maximum reliability, Armco’s Precipitation-Hard- 
ening Stainless Steels offer: 


Unusually high strength weight ratios up to 1000 F 
Good corrosion resistance 

Excellent fabricating properties 

Availability in practically all commercial forms 


For complete information on these special Armco Stainless Steels that 
are providing design and production advantages in both missile and aircraft 
manufacture, write Armco Steel Corporation, 3289 Curtis Street, Mid- 
dletown, Ohio. 


ARMCO STEEL 


amc Armco Division + Sheffield Division * The National Supply Company » Armco Drainage & 
\V/2 Metal Products, Inc. * The Armco International Corporation + Union Wire Rope Corporation 


4 


Write in No. 211 on Reader Service Card at start of Product Preview Section 
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ON MARK COUPLINGS 


Eliminate 
Spillage Hazard 
with ON MARK 
Ground Service 
Pressure Re-Oil 
Couplings 


Designed to satisfy the requirements of MIL-A-25676, 
and MIL-N-25677, On Mark's series 5-3002 Ground 
Service Pressure Re-Oil Couplings actually exceed the 
specifications in 4 important areas. 


NO SPILLAGE, even when disconnected under line | : 
pressure. Keeps area clean, free from hazard of dripping oil. 


EASY CONNECT AND DISCONNECT with one simple motion of pushing the 
mating parts together. No turning of parts or holding back the actuating 
ring is necessary. 

NO AIR INCLUSION on connection. 

Airborne adapter may be subjected to TEMPERATURES UP TO 500° F. 


On Mark Re-Oil Couplings are used for ground service applications on systems 
with operating pressures up to 1000 PSI. Currently available in 42” and 34” 
line sizes. 


For full information please contact 


Bn ON MARK COUPLINGS, inc. 


4440 York Boulevard, Los Angeles 41, California 


[ Telephone CLinton 4-2278 
Representatives: Airsupply Company, Beverly Hills, Calif.; Aero Engineering 


Company, Mineola, Long Island, N.Y.— Divisions of The Garrett Corporation 


Write in No. 212 on Reader Service Card at start of Product Preview Section 


PERFECT SEAL... 
Teflon®* coating mates 
United’s metallic O-ring 
to surface! 


Teflon, permanently bonded to a United 
metallic O-ring, conforms to normal tool 
marks which it contacts in a machined seat. 
This remarkable, non-porous, pliable’ coat- 
ing compresses into these irregularities to 
help form a perfect seal. Spring steel charac- 
teristics of the O-ring metal are retained, and 
the surface conformability of a rubber-like 
compound is added. Finish is completely 
non-corrosive and resistant to chemical ac- 
tion. Tests with gases and liquids, at high and 
low pressures, prove absolute sealing action. 
United also makes hollow tube; pressure- 
filled; and patented self-energized metallic 
O-rings; and wire and brazing O-rings to 
practically any required dimensions. Write 
for information (on your letterhead please). 


* TEFLON IS THE REGISTERED TRADEMARK us 
FOR DUPONT TETRAFLUOROETHYLENE RESINS 


TOP: Tool marks visible 
in TEFLON coating, 
magnified 12X. 


BOTTOM: Section A-A 
TEFLON ... conforms to 
irregularities in ma- 
chined surface. 


+ PATENTS 2,809,269; 2,837,360 


Write in No. 213 on Reader Service Card at start of Product Preview Section 
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PRODUCT PREVIEW 


LINKAGE SYSTEMS 
for analog-digital computers 


This system employs a number of 
information channels to convert ana- 
log outputs into digital form and dig- 
ital computer outputs into analog 
form. More than 400 conversions per 
sec may be made on any channel with 
a conversion accuracy of 0.05 per 
cent says Electronic Assoc. Inc., Dept. 
S/A, Long Branch, N.J. 

Solid state circuitry on etched cir- 
cuit cards is used to assure reliability, 
low power consumption and compact 
construction. System can be grounded 
with virtually any number of A-D or 
D-A channels as determined by in- 
dividual requirements. 


Write in No. 455 on Reader Service Card 


MISSILE HANDLER 
does triple job 


5. anny 
gue 


This multi-purpose vehicle for han- 
dling missiles at launching sites acts 
as’a self-loading truck, a towing trac- 
tor and a crane. Called the “Tele- 
fork 102,” it was designed to carry 
five tons of missile components over 
sand dunes, through snowbanks and 
through five feet of water, says Clark 
Equipment Co., Dept. S/A, 24th St., 
Battle Creek, Mich. 

A towing hook mounted on the 
rear of the vehicle allows it to pull 
missile trailers. around launching sites. 

Write in No. 456 on Reader Service Card 
more on page 312 
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and this is the way the range is run: 


Management moves men toward common goals. But at Cape Canaveral, 
where we assist the Air Force in management of the Atlantic 

Missile Range, common goals are uncommon — even extraordinary. 

Here is a management involving unparalleled projects — Juno, 

Jupiter, Vanguard, Thor, Atlas, Titan, Polaris; extending over an 
incredible area — two continents, twelve islands and one ocean; 
working toward unprecedented achievements — the development of 
reliable ballistic missiles and the exploration of space. 

For Pan American, this experience has meant the expansion of our 
unique capability for large-area systems management. For 

members of our technical staff, it has meant the opportunity to 
achieve new personal goals, and to develop unusual professional skills, 
through scientific teamwork, coordination, and management. 

Other engineers and scientists, particularly those experienced in the 
areas of. quality control, facilities engineering and electronics, 
should investigate the uncommon opportunities of a career with Pan Am. 
Please address your inquiry to Mr. J. B. APPLEDORN, Director of 
Technical Employment, Pan American World Airways, Inc., 

Patrick Air Force Base, Florida, Dept. T-10. 


MANAGEMENT 


GUIDED MISSILES RANGE DIVISION - PATRICK AIR FORCE BASE, FLORIDA 


Check Employment Inquiry Form on Page 217 


SS) 
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ENGINEERING 


ONE-MINUTE SYNCHRO 
SYSTEM ACCURACY 


Electrical two-speed Autosyn* synchro features— 


m ACCURACY UNAFFECTED BY THERMAL AND MECHANICAL STRESS 
mg HIGH SIGNAL-TO-NULL RATIO 
m ELIMINATION OF GEAR ERROR FOUND IN MECHANICAL TWO- 


SPEED SYSTEM 


m ADAPTABILITY TO GYRO PICKOFF 


Developed to meet need for accu- 
rate data transmission with maxi- 
mum system simplicity. Produces 
two electrical outputs from single 
shaft, thereby eliminating inac- 
curacies of two-speed gear system 
as well as installation and main- 
tenance costs of additional unit. 

The synchro contains two sepa- 
rate sets of windings. One set pro- 


duces the normal signal pattern 
of one cycle of output voltage, 
while the other produces eleven 
cycles, for each rotation of the 
synchro shaft. Increase in accu- 
racy is very close to the 11-to-1 
theoretical maximum, resulting in 
a system error of +1 minute when 
used back-to-back with similar 


units. *REG. U.S) PAT: OFF. 


ADDITIONAL CHARACTERISTICS: 


Input voltage (to rotor) 
Input current 
Input power ... 
Signal-to-null ratio 
Sensitivity (mv/degree) 


Soars tran tae ee 26 volts, 400 cycles, single phase 


200 ma max. 
2.5 watts max, 


For more detailed information on specific applications, write— 


Eclipse-Pioneer Division Condi” 


Teterboro, N. J. 


~ AVIATION CORPORATION 


District Offices: Burbank and San Francisco, Calif.; Seattle, Wash.; Dayton, Ohio; and Washington, D. C 
Export Sales & Service: Bendix International, 205 E. 42nd St., New York 17, N. Y. ona 


Write in No. 215 on Reader Service Card at start of Product Preview Section 
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ROTARY SWITCH 
for high altitudes 


This rotary selector switch is said 
to be the smallest known qualified 
totally enclosed miulti-wafer  con- 
structed unit of its kind currently 
produced. Reliable performance at 
altitudes up to 80,000 ft result from 
the choice of Plaskon Alkyd 446 to 
critical components of the part, says 
Janco Corp., Dept. S/A, 3111 Winona 
Ave., Burbank, Calif. 

Benefits claimed for the switch in- 
clude reduction in size and weight, 
high current capacity and dielectric 
strength and increased electrical capa- 
bilities. Designed to meet and exceed 
MIL-S-6807A, the part is character- 
ized by high impact strength. It 
measures one inch in diameter and 
has up to ten live positions (86 
index). Other specifications include: 
Make and Break: five amperes-115 
Vac, three amperes-28 Vdc, with a 
life of 10,000 double cycles at rated 
amperage with a potential drop of 
less than 100 my. 

Write in No. 273 on Reader Service Card 


PAM/PDM DECOMMUTATOR 
has solid state design 


A PAM/PDM decommutator  sys- 
tem that will accept all standard 
IRIG data trains is said to be the first 
truly solid state telemetry device of 
its type developed. System accuracy 
is better than plus or minus one per 
cent, and stability rating shows a shift 
of under one per cent in de output 
over an eight-hr period, says Missile 
Electronics Engineering Co., Dept. 
S/A, 14644 Keswick St., Van Nuys, 
Calif. 

Output is five V full scale across 
an internal 4700 ohms. The 1000 
Series decommutator weighs under 35 
lbs for a 28-channel system and con- 
sumes less than ten W. Packaging is 
available for fully portable operation, 
standard rack mount, or cabinet use. 

Write in No. 274 on Reader Service Card 
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PROBE 
for surface temperature 


This new surface temperature probe 
REC Model 116D, measures skin and 
gas temperatures, jet engine control, 
and is especially useful for tailpipe 
temperature measurements and _ in 
flight testing of manned aircraft, rock- 
ets and missiles, says Rosemount En- 
gineering Co., Dept. S/A, 4900 W. 
78th St., Minneapolis 24, Min. 

The probe features a sensor of pure 
platinum wire having 500 ohms re- 
sistance at zero deg C, and al4g in. 
inconelsheathed lead (between a flex- 
ible cable and the probe) that can 
be bent to almost any desired shape 
for hard-to-reach locations. The 
probe’s upper limit of 760 deg C in 
the standard model can be raised to 
1100 deg C, it is claimed. 

Write in No. 275 on Reader Service Card 


DIGITAL RECORDER 


for motion picture use 


Developed by Magnovox Research 
Lab, the Digital Recorder used with 
the Traid 85 mm motion picture cam- 
eras provides 96-bit matrix image on 
each frame of film and _ correlates 
coded data with pictorial records in 
real times, says Traid Corp., Dept., 
S/A, Ventura Blvyd., Encino, Calif. 

The cameras can be operated at 
any frame rate desired up to 80 
frames per sec. At 80 frames per sec, 
the Traid 75 camera can record 7680 
bits of coded information per sec. 
Traid offers the digital recorder on its 
35mm Traid 75 Fototracker and on 
Bell & Howell Model 71 Eyemo cam- 


eras. 
Write in No. 276 on Reader Service Card 


SELENIUM RECTIFIERS 
are miniature 


The ABC series selenium rectifiers 
are completely potted and are avail- 
able in a wide range of voltages 
and currents for use in half-wave, 
full-wave, single or three-phase recti- 
fier circuits, says General Instrument 
Corp., Radio Receptor Div., Dept. 
S/A, 240 Wythe Ave., Brooklyn, 
IN.Y. 

Many different terminal arrange- 
ments are available to suit application 
needs making these units particularly 
suitable for printed wiring boards. 

Write in No. 277 on Reader Service Card 


HYDRAULIC VALVE 
for high temperatures 


Hydraulically activated, remote- 
control valves that feature a unique, 
backless design are now available in 
a type that may be used in con- 
tinuous service at temperatures to 
250 deg F, says Automatic Valve 
Systems Co., Dept. S/A, 15385 Mon- 
rovia Ave., Newport Beach, Calif. 
The AVSCO valves have had their 
range extended through use of a heat- 
resistant diaphragm material. 

The device is closed by hydraulic 
pressure applied to the valve cover 
through a small control tube. This 
pressure is derived directly from the 
process stream itsélf, and when it is 
released, the line pressure lifts open 
the valve diaphragm and disk. The 
units, which require no lubrication 
or packing, are made in sizes from 
% to 16 in., with screwed or flanged 
connections. 

Write in No. 278 on Reader Service Card 


MINIATURE RELAY 
has automatic assembly 


These relays with terminals located 
on .2 in x .2 in co-ordinates to permit 
mounting on printed circuit boards by 
automatic assembly techniques are 
available on both dual coil magnetic 
latching and on single coil action re- 
lays, says Potter & Brumfield, Inc., 
Dept. S/A, Princeton, Ind. Both re- 
lays operate under 100 G shocks and 
30 g vibrations to 2000 cps with no 
contact openings in either armature 
position. 

Relays with single coil action pull- 
in at 260 milliwatts at 25° C; dual 
coil latching relays at 230 milliwatts. 
All coil connections are polarized to 
take advantage of permanent magnet 
forces in the relay. 

Write in No. 279 on Reader Service Card 
more on nexf page 


CAM COMPENSATOR 


Efficient compensating device for 
servo system error. 


The type CP-20-A1 is a simple, en- 
tirely mechanical means of correct- 
ing an output data shaft in relation 
to either servo loop errors, sensing 
errors, or known environmental fac- 
tors affecting the system. Elimi- 
nates need for adjusting remotely 
placed or inaccessible units. Ask 
for full details. 


CLUTCHED SYNCHRO 


Transmits corrective signal, or 
establishes new reference. 


The type CP-4-Al1 is an integrated 
unit containing a high-precision 
pygmy Autosyn* synchro and an 
electro-magnetic clutch. Has gen- 
eral systemic application where it is 
desired to transmit a corrective sig- 
nal, or to establish a new reference 
as a result of a temporary condition. 
Removal of electro-magnetic clutch 
excitation instantly re-establishes 
Autosyn, or signal source, at zero. 
Three unit-mounted resistors pro- 
vide for proper output voltage as 
well as correct phase relationship of 
output voltage to excitation voltage. 


Write for further information. 
*REG. U. S. PAT. OFF 


Manufacturers of 
GYROS * ROTATING COMPONENTS 
RADAR DEVICES 
PACKAGED COMPONENTS 
INSTRUMENTATION 


Kclipse-Pioneer Division 


by 


AVIATION CORPORATION 


Teterboro, N. J. 


Write No. 216 on Reader Service Card 
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New Glad thermal switch IS 


Ligh t ahd Li vely 


This new lightweight (weighs less 

than one ounce) thermal switch features an 

operating differential of plus or minus only 
one degree with extremely fast response. 


With an effective calibration tem- 
perature rating from —20°F +1000°F, 
it will even operate accurately 
when subjected to momentary 
undershoots to —80°F and 
overshoots to as high as 2000°F. 


Wherever fast-acting, sensitive, 
thermally responsive regulation is required 
_ for control of dangerously high or 
low temperatures, this “LIGHT and 
LIVELY” switch will do the job 
accurately, dependably. 


Ask about these CPi a too. 


Piug-stat 
versatile 
thermal switch 


Vi ~ Super 
’. High-temperature 
thermal switch 


\ 


Hermetically sealed 
fire detector 


type 


Thermal switch’ 
for temperatures 
to 1200 °F 


Ask our representative to tell you how CPI 
can help you solve your temperature control 
problem—and remember—when temperatures 
are high (or low) you can depend on CPI. 
Write for complete engineering data. 
Ask for catalog EH 


LA products, inc. 


310 SUSSEX ST., HARRISON, N. J. 
Write in No. 233 on Reader Service Card at start of Product Preview Section 
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FREE GYRO 
uses stainless steel 


For free gyro applications requir- 
ing high performance under extra 
severe shock and_ vibration, — this 
FGO1-1300 series free gyro employs 
high strength stainless steel in the 
one-piece spindle and gimbal assem- 
bly, says Humphrey, Inc., Dept. S/A, 
2805 Cannon St., San Diego, Calif. It 
meets prescribed resistance to severe 
vibration and 60 G_ shock. 

The all-steel design eliminates dif- 
ferences in coefficients of expansion, 
improving balance and hearing fits. 
It is 234 x 5% inches. 

Write in No. 280 on Reader Service Card 


RESONANT REED RELAYS 
fill remote control needs 


Model AR-5, a frequeney-sensitive 
5-channel-resonant-reed_ relay, pro- 
vides a cheap band pass filter of | 
5-channel operation in one hundredth 
of the space required for one channel 
of a standard electronic filter, says 
C G Electronics Corp., Dept. $/A, 
1000 Central East, Albuquerque, 
N. M. 

The reed frequencies range from | 
200 to 500 cps. Minimum driving 
power for the open frame or the her- 
metically sealed relays is 1.5 mw with | 
a stability of 0.25 per cent from 0 || 
deg to 25 deg C and 1 per cent from 
—20 deg C to +80 deg C. The units 
weigh about % oz and measure %4' in 
high by % in wide and 1% in long. 

Write in No. 281 on Reader Service Card 
more on page 316 
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FLIGHT-PROVED RELIABILITY. . . 


LION Quarter-turn FASTENERS 
FOR SECURING REMOVABLE SECTIONS 


INSPECTION PORTS EXTERIOR PANELS 


Southco’s Lion Quarter-turn Fasteners 
provide quick access and reliable securing of hinged or 
completely removable panels. Resistance to severe heat, 
shock and vibration, and a high strength-weight ratio 
make these unique fasteners ideal for use in private, 
commercial or military aircraft and missiles . . . for 
ground production and control or airborne applications, 

Lion Fasteners consist of three parts...a 
One-piece, swaged-nose stud; a retainer; a floating 
receptacle which is riveted or welded in place. Installa- 
tion requires no special tools . . . is simplified by a 
permissible float of .070% 


SWAGED NOSE 
Case hardened one- 
piece stud with swaged nose 
has no milled sections, in- 
serts, Or cross pins... re- 
quires no wire spring to 
hold it in locked position. 
Lion Fasteners offer the 
highest weight-strength ratio 
available. 


2 TYPES AVAILABLE 
LION NO. 2 FASTENER LION NO. 5 FASTENER 
For use where space is For heavy-duty applica- 
limited and where weight tions where good tensile 
must be kept at a mini- and shear strength are 
mum. required. 


MILITARY 
S 


PRIVATE COMMERCIAL 


one of the 


MISSILES 


ELECTRONIC EQUIPMENT 


FULL RANGE OF HEADS 
Lion No. 2 Fastener available with flush, oval or wing 


type. No. 5 with flush, oval, ring, wing, knurled or notched 
head and key. 


Bis 


KNURLED NOTCHED 
HEAD 
AND KEY 


OTHER SPECIFICATIONS 
LION NO. 5 QUARTER-TURN FASTENERS CON- 
FORM TO MIL. SPEC. MIL-F-5591A (ASG)... ARE 
ON THE GOVERNMENT’S QPL ... ARE CAA 
APPROVED FOR COMMERCIAL AND PRIVATE 
AIRCRAFT USE. 
MATERIAL: Cadmium-plated case-hardened steel. 


FASTENER 
HANDBOOK 


Send for your free copy of 

Southco Fastener Hand- 

book No. 9. Gives com- 

plete engineering data on 

Lion Fasteners and many 

other special fasteners. Write to Southco Division, 
South Chester Corporation, 253 Industrial High- 
way, Lester, Pa. 


FASTENER 


‘ 

Soy 
i THCO 
H HANDBOOK 


) / 
01958 FASTENERS PrErTON 


| Write in No. 271 on Reader Service Card at start of Product Preview Section 


Novernber 1959 
| 


Sie 


KLIXON 
Thermostats 
Provide Rigid 
Temperature 


Control for 
Army's Redstone 
Missile 


Extremely close temper- 
ature control is required in 
the Redstone missile pro- 
pulsion system. In readi- 
ness at launching sites from 
the equator to the polar 
regions, heater assemblies, 
developed by Safeway Heat 
Elements, Inc., Middle- 
town, Connecticut, are 
mounted directly on or 
around components in the propulsion system. 
These heaters withstand temperature extremes 
from —80°F. to +450°F., and incorporate a 
unique “‘snap-on” mounting feature for ease of 
installation. 

KLIXxON M1 hermetically sealed thermostats, 
integrally molded in the heater assemblies, 
insure the rigid temperature control required. 
These tiny thermal switches, coupled with an 
unusually narrow temperature differential and 
setting tolerance, utilize a saddle type thermal 
inertia plate for accurately sensing the com- 
ponents. 

KLIXON snap-acting thermostats are ideal for 
such applications for several important reasons 
— inert gas filled and heliare welded con- 
struction provides a superior seal. Elimination 
of solder flux and completely inorganic com- 
ponents prevent contact contamination .. . 
small in size, light in weight . . . responds to 
temperature change quickly and accurately ... 
have ample capacity to handle heavy electrical 
loads . . . calibrations stand up under severe 
environmental conditions. Rated: 7 amp, 30 
VDC; resistive, 500 cycles. Exceed 50 — 500 
CPS, procedure I, MIL-E-5272A. 

More and more manufacturers of all kinds of 
equipment choose KLIXON controls with con- 
fidence. Investigate the KLIXON line for ap- 
plication possibilities in your products. Write 
today for Precision Thermostat Catalog. 


ACTUAL SIZE 


METALS & CONTROLS 


3711 FOREST STREET, ATTLEBORO, MASS., U.S.A. 


A DIVISION OF TEXAS INSTRUMENTS INCORPORATED 


Spencer Products: Klixon® Inherent Overheat Motor Protectors « Motor 
Starting Relays + Thermostats »* Precision Switches « Circuit Breakers 


Write in No. 219 on Reader Service Card at start of Product Preview Section 
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PRODUCT PREVIEW 


CRYSTAL OVEN 
has long-term stability 


Model 35, change-of-state crystal 
oven, combines small size with pre- 
cise temperature control, no thermal 
oscillation or contact noise, low power 
consumption, and long-term, tempera- 
ture stability, according to Robertshaw 
Fulton Controls Co., Dept. S/A, 911 
E Broad St., Richmond, Va. 

Thermal Set has a cavity tempera- 
ture variation less than 0.01 deg C 
per deg ambient temperature change. 
The oven measures 74 in. x 1% in 
x 414g in. with cavity dimensions of 
0.92 in diam by 1.635 in deep. 

Write in No. 282 on Reader Service Card 


VHF PREAMPLIFIERS | 
offer low noise | 


Model 530 NS broadband VHF | 


preamplifier has a 42 db gain from 


50 to 300 meps. The overall noise || 


figure is less than 8 db, says Haller, 
Raymond and Brown, Inc., Dept S/A, 
Science Park, State College, Pa. 
Package weight is 4 lb., less power | 
supply. Power input is 70 W. Other 
models have bandwiths from 50 to 
250 meps. 

Write in No. 283 on Reader Service Card 


MIDGET AC SOLENOID 
for small assemblies 


This No. 24 midget solenoid pro-| 
vides maximum power for smaller}) 


assemblies and is avilable for inter-}) 


mittent or continuous duty operation,t! 
according to Guardian Electric Mfg. 
Co., Dept. S/A, 1621 W. Walnut St., 
Chicago 12, Ill. Plunger stroke is ad-l) 
justable from Ye up to 5 in with! 
maximum life of 12 oz, continuous 
duty; 19 oz, intermittent. 


Coil voltages from 6 to 230v, ac}: 


Small size ¥sx1%4x1 inches. 
Write in No. 284 on Reader Service Card 
more on page 31& 
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a new, 


improved ALODINE 


for aluminum 


IN LESS TIME—ALODINE 1200S provides increased 
chemical activity for dramatic reduction in proc- 
essing time ... up to 50% in most cases! You get 
far faster processing than ever before, with the 
same high quality protection! 


WITH LESS EQUIPMENT—You can install an 
ALODINE 1200S system quickly and conveniently, 
without resorting to mechanical bath maintenance! 
That means no dangerous, time consuming check- 
ing routines with the possibility of bath contamina- 
tion always present! 


AT LESS COST—ALODINE 1200S can be processed 
through continuous dip in the same time cycle 
other conversion coatings require for continuous 
spray lines! This dip technique reduces initial 
equipment costs, slashes maintenance costs to a 
minimum and allows aluminum fabricators to uti- 
lize conversion coatings more frequently for a wider 


\ 


Write for Bulletin 1424A 

describing use of Alodine 
for aluminum fabrications 
of all types. 


Cost Saving, 

Time Saving 
ALODINE 1200S 
Pre-Paint Treatment 
Protects Aluminum 
Best! 


eeoeeeeresree eee e ee ee eeee ee eee 


range of product applications! Whatever the appli- 
cation method—brush, dip, continuous strip or 
spray—ALODINE 1200S may be the answer to 
your production problems. 


FOR MORE FLEXIBILITY—Most important, its ease of 
operation, safety in use and versatility enables 
ALODINE 1200S to answer one of the most per- 
plexing problems inherent in providing corrosion 
protection and paint bonding qualities for alumi- 
num—the problem of constant, uniform quality. 
ALODINE 1200S is qualified under Government 
Specification MIL-C-5541. 


Investigate cost saving, time saving ALODINE 
1200S today! And whenever you have a chem- 
ical finishing requirement for aluminum—any 
type of aluminum—there’s an ALODINE proc- 
ess available to protect or decorate the metal, 
and anchor the paint finish more securely. 

® 


eooee rere ee ee ee eeeeeeeeeeees 


Typical ALODINE 1200S 
strip line installation at 
ALSCO, INC. Strip from 
aluminum coil is fed into 
Alodine processing baths 
where it is cleaned, rinsed, 
deoxidized, rinsed, coated 
with ALODINE 1200S, 
rinsed and given a final 
acidulated rinse. Strip is 
then rewound, roll coat 
painted, roller formed into 
final shape, backed, in- 
spected and packed for 
final shipment. 


eeeereeeereereresrererererereereereeereree eres eeeeeeee 


eececeeose reese eoereeereee ese eeee 


another chemical development of AMCHEM PRODUCTS, INC., Ambler !4 Pa. 
(Formerly American Chemical Paint Co.) 


Detroit, Mich. « St. Joseph, Mo. « Niles, Calif. * Windsor, Ont. Amchem and Alodine are registered trademarks of Amchem Products, Inc, 


Write in No. 175 on Reader Service Card at start of Product Preview Section 
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TAILOR-MADE 
PLASTIC TANKS 


to do the work of metal 
without problems of 
e 


FABRICATION, 
WEIGHT OR 
DETERIORATION 


If your business involves gases, chem- 
icals, or liquids, you know the prob- 
lems resulting from conventional 
containers. 


We can truthfully say that SF seam- 
less reinforced plastic tanks lick most 
of those problems. For example, SF 
tanks — 


won't corrode... won't dent or rupture 
... insulate well . . are fire retardent . . . 
won't conduct electricity... can have 
permanent color and identifying marks 
“built in’’...and can be machined, ground, 
or threaded for fittings. Four standard 
sizes can be shipped immediately from 
stock... 6, 8, 10’, and 13” diameter. 


It will pay you to call or write Struc- 
tural Fibers now. Whether it’s tanks 
or tubs or parts, we’ll tell you what is 
possible and whether it’s practical! 


Structural fibers, inc. 


FIFTH AVENUE + CHARDON, OHIO | 


REINFORCED PLASTIC PRODUCTS BY THREE PROCESSES: 
- internal pressure molding 
- matched die molding 
* premix molding 


Write in No. 221 on Reader Service Card 


318 


PRODUCT PREVIEW 


YIG CRYSTALS 
have narrow resonance width 


Single crystal yttrium iron garnet, offered on a com- 
mercial basis in all sizes up to 0.400 in., weigh up to two 
gm per crystal, says Microwave Chemicals Laboratory. 
Inc., Dept. S/A, 282 Seventh Ave., New York I, N.Y. 
These YIG are suggested for use as parametric amplifiers 
and superior substitutes for conventional microwave ferrite 
single crystals. 

The crystals have a very narrow resonance line width— 
under five oersteds at microwave frequencies, and the 
Curie point is 292 deg C, plus or minus one deg. The 
crystals have a lattice constant of 12.373 A, +.003 in. The 
Yig have been successfully used as a Faraday-rotation 
type IR modulator. 

Write in No. 287 on Reader Service Card 


METALLIC SEAL 
for hydraulic systems © 


These static metallic seals combine infinite shelf life and — 
reusability with effective sealing throughout a temperature 
range from —350 to 1800 deg F. and under pressures up to 
20,000 psi. Sealing efficiency is unaffected by normally en- 
countered structural distortion and mating parts require no 
unusual machining operations, says Cadillac Gage Co., Dept. 
S/A, Costa Mesa, Calif. Standard sizes machined from age 
hardened Inconel X are ¥% in to 6 in in diameter; up to 60 in 
on special order. 

Seal configuration incorporating an integral back-up ring 
with twin lip vee sealing surfaces eliminates the overstress- 
ing and minimizes design complexity of mating parts, it is — 
said. 

Write in No. 288 on Reader Service Cara 


MULTI-WIRE FABRIC © 
is @ space saver 


This flat belt of interwoven copper wires can ‘pass through 
a clearing of less than 4% in high. The teflon-coated wires 
are in alignment and are woven by cross threads of nylon, 
fiber glass or teflon yarn, says Fletcher Works, Dept. S/A, 
Philadelphia 40, Pa. Wires are of different colors. 

The multi-wire fabric can be made any width, the number 
of wires per inch being determined by th diameter of the - 
wire. 

Write in No. 289 on Reader Service Card 


PRESSURE SWITCH 
for missile use 


This miniature pressure switch is for missile and space 
applications where reliability, light weight are prime, says 
Frebank Co., Dept. S/A, 711 W. Broadway, Glendale 4, 
Calif. Designated model 3486, it can be used with both 
hydraulic fluids and gases and for 400 psi to 3000 psi 
systems. : 

Bearing a maximum weight of %4 oz, the switch has a 
temperature range from — 65 deg F to +275 deg F, a proof 
pressure of 4500 psi and a burst pressure of 7500 psi. 

Write in No. 290 on Reader Service Card 


NYLON TUBING 
is heat resistant 


This flexible polyamide tubing grade TR, which can be 
used continuously in an oxidizing atmosphere at tempera- 
tures up to 225 deg F, has an expected life of 2 to 5 years 
in water at temperatures as high as 150 deg F., says Polymer 
Corp., Dept. S/A, 2140 Fairmont Ave., Reading, Pa. It is 
black in color, J 

Burst pressure ratings are 1000 psi and 2500 psi. 

Write in No. 291 on Reader Service Card 
more on page 320 
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Westinghouse. oo a 
‘Plectronic components a 
for uncompromising — 

ait oF ae 


* % 


Airborne components that guarantee circuit reliability 


In the airborne electronics field—plane, missile or 
space program—the paramount requirements are: 
reliability, durability, light weight and small size. 
Westinghouse combines these product characteris- 
tics with engineering talent and breadth of line to 
offer you an exceptional source for a greater variety 
of electronic components and subassemblies than any 
other manufacturer. 

Weapons systems like THOR, TITAN, FALCON, 
TARTAR, BOMARC, and many still classified have 
specified ‘“‘Westinghouse”’ for this reason. 

However demanding your requirements may be, 
your best insurance to protect your circuit designs is 
the Westinghouse line of high-reliability components. 
For assistance call your Westinghouse sales engineer 
or write: Westinghouse Electric Corporation, P.O. 
Box 868, 3 Gateway Center, Pittsburgh 30, Pa 


WESTINGHOUSE ELECTRONIC COMPONENTS 
for projects that must not fail 


Control Devices * Instrumentation * Laminated 
Plastic Forms (Micarta®) Magnetic Amplifiers ° 
Magnetic Materials * Power Supplies * Static In- 
verters * Semiconductors * Transformers and 
Components * Tubes: Cathode-Receiving-Power- 
Nuclear Control 
Write for your copy of the new Westinghouse Electronic 
Components Design Engineers Handbook. 


you CAN BE SURE...1F ITS 
SKN 


Westinghouse jw? 


WATCH “WESTINGHOUSE LUCILLE BALL-DES!I ARNAZ SHOWS CBS TV FRIDAYS 


Write in No. 177 on Reader Service Card at start of Product Preview Section 
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SERVO VALVES 
use simplified design 


Compactness, low weight, and ex- 
cellent performance and _ reliability 
are offered by the Series 31 and 32 
miniaturized electrohydraulic servo 
valves, says Moog Valve Co., Inc., 
Dept. S/A, East Aurora, N.Y. The 
units are useful for flight control sys- 
tems in aircraft and missiles, as well 
as for a wide range of industrial 
installations. 

The design features a  double- 
nozzle-flapper hydraulic amplifier and 
internal mechanical feedback from 
the second stage sliding spool to the 
first stage torque motor. Flow capa- 
cities are available to 16 gpm at 
8000 psi, and standard units operate 
over a —65 to +850-deg F range. 


Write in No. 285 on Reader Service Card 


INDUCTION MOTOR 
is small, with high power 


This miniaturized induction motor, 
model 9200, features magnetic and 
electric circuits (24/20 slots), sinusoid- 
ally distributed windings and internal 
rotor slotting, resulting in exceptionally 
quiet operation, low level magnetic 
hum, reduced external magnetic field, 
low temperature rise and minimum 
cogging and hunting, says Howard In- 
dustries, Dept. S/A, 1760 State St., 
Racine, Wis. Frame size is 27gx2% in 
with overall length of 4142 in for 
frame 9210 and 41%» in for frame 
9214. 


It is a permanent split capacitor, 
single phase, 5% cycle motor available 
in induction, torque and synchronous 
types. Hp ratings from 499 to Yo. 


Write in No. 286 on Reader Service Card 


SEVEN-TRACK RECORDER 
has one megacycle response 


The CV-100 series of instrumenta- 
tion tape recorders using % in. mag- 
netic tape, offers 7 full channels of 1 
Mc information, according to Min- 
nesota Mining & Mfg. Co., Mincom 
Div., Dept. S/A, 2049 So. Barrington 
Ave., Los Angeles 25, Calif. 

Tape speed of 120 ips allows 12 
min. of running time, using standard 
1 mil tape. Peak flutter and wow are 
0.1% measured from 0.1 to 4000 cy- 
cles. 

Write in No. 225 on Reader Service Card 

more on page 324 


--. fromgy 


any "a angle( 


All-Angle Work 
INSPECTION MIRRORS 


by 


NEW! All models now 
supplied with INSU. 
LATED vinyl plastic. 


NEWI Exclusive non- 
rotating Inner hex 
rod on_ telescopic 
models prevents mir- 
ror from swinging 
out of alignment. 


Heavily chrome- 
plated; precision- 
made. 


NEW! Thumb RAT- 
CHET MIRRORS © Ad- 
justable ¢ Practical 
° Precision-engineered 

* Handles with care * Locks 
at any angle between 90° and 180°. 


ULLMAN 


3 FREE 

- \ CATALOG 
= \\ ~ Dept. (W) 
i - al : 


ULLMAN DEVICES CORP. 
RIDGEFIELD, CONN. 


Twin-tip pointer enables 
observer to read “dead- 
on'' by lining up twin tips 
like gun sight. 


Mirror dial also insures ac- 
curate "'dead-on” reading. 


"Non-parallax” dial has 

Plexiglas insert that assures 

accurate reading even 
hen read at angle, 


Write in No. 223 on Reader Service Card 
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Waster Tet” SERIES 


Unprecedented accuracy and dependability 
in test gauges developed to meet today’s 
exacting requirements. Each gauge indi- 
vidually dead-weight tested! Guaranteed 
accurate within 14 of 1% plus or minus of 
maximum dial reading over entire range. 


Conven- 
tional 
dial 


New "Read-easy”’ dial (patent pending), as 
illustrated above, assures reading accuracy 
in keeping with indicating accuracy. Also 
note three advanced means of reading 
available in all ‘‘Master-test’’ gauges: 
twin-tip pointer, mirror dial, and ‘non- 
parallax” dial as shown opposite. 

Sizes 414”, 6", 8”. All standard pressure 
ranges 0-15 psi to 0-30,000 psi, vacuum 
and compound. 

Ask for new 20 page bulletin covering all details 
MARSH INSTRUMENT CO., Dept. 42 Skokie, Ill. 
Division of Colorado Oil and Gas Corporation 
Marsh Instrument & Valve Co,, (Canada) Ltd. 
8407 103rd St., Edmonton, Alberta, Canada 


Houston Branch Plant, 1121 Rothwell St., 
Sect. 15, Houston, Texas 


Write in No. 224 on Reader Service Card 
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The Checkout 
that says 
“GO’’ or “NO GO”’ 


(Pronoun 
“AP-SHE' 


APCHE (Automatic Programmed Checkout Equip- Dynamics Corporation, prime contractor for the 
ment) is a solid-state, universal, high-speed, highly ATLAS Intercontinental Ballistic Missile. 

reliable, compact general-purpose tester designed 
especially for automatic checkout of aircraft, missile 
and space systems and their supporting systems. 


The system being supplied to Convair for the 
ATLAS Program includes a console and four rack 
cabinets providing both analog and discrete test 


In its various versions (differing in input media, finetionsawithta toaniting tinted snd O-NOIeO 

size and weight) APCHE installations may be indication. As a product of RCA’s Missile Hlec- 

fixed, mobile, airborne or submarineborne. APCHE tronics and Controls Department, Burlington, 

was designed and is being produced as a part of Massachusetts, APCHE is one of the latest RCA 

RCA’s ground support electronics subcontract from developments in the field of military weapon readi- 
. the Convair (Astronautics) Division of General ness equipments. 


RADIO CORPORATION of AMERICA 


DEFENSE ELECTRONIC PRODUCTS *« CAMDEN, NEW JERSEY 


Tmk(s) ® 
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FALCON MISSILE 


Playing follow-the-leader at 50 millisecond intervals, three Super Falcon missiles 
rocket ahead of their diamond-shaped supersonic shock waves. Homing in on radar, 
these deadly air-to-air missiles locate, track, and destroy their prey, with the same 
killer instinct of the birds they’re named after. 


Hughes Aircraft, the developer and manufacturer of these missiles and the Arma- 
ment Control System that triggers them, specified Hitemp magnet and Teflon* wire 
for their missile, and Teflon wire for its control system. 


Hitemp Wires, Inc., the leading specialist in high temperature insulated wires and 
cables, proudly answers roll call with those developers and manufacturers enlisted 
in defending our American birthright—Freedom. 


HITEMP WIRES, INC. 


1200 SHAMES DRIVE, WESTBURY, NEW YORK 


“Registered trademark for DuPont fluorocarbon resins. 
Write in No. 237 on Reader Service Card at start of Product Preview Section 


SPACE/AERONAUTICS 


ae 


Many of the 27,000 different products manufactured by Minnesota Mining and Manufacturing — the 
3M Company —have proved valuable in missile manufacturing and space research. Here is infor- 
mation on newer products —and up-to-date ideas and applications for some established products. 


M@ FOR A COLORFUL BIRD: Having cut their teeth on 
aircraft applications, 3M’s 
“Scotchcal” Film materi- 
als are now making their 
mark on missiles — such as 
the one pictured. These 
pressure sensitive exterior 
marking films are naturals 
ee for the application of dis- 
tinctive and brilliant markings on missile skins for visual 
tracking purposes. Laboratory tests show that they can satis- 
factorily resist temperatures as high as 1000°F for 15 sec- 
onds, 700°F for periods of 15 to 30 seconds, and 400°F for 
one hour. There is evidence that by applying special tech- 
niques, the 600-700° range may be extended appreciably in 
time. Their resistance to fuels, oils, and greases, as well as 
mild alkalies and acids, is also noteworthy. Our REFLECTIVE 
Probucts Division has recently come up with a fluorescent 
type, so brilliant that it simply can’t be ignored. If you’re 
willing to risk eyestrain, see them about samples. 


The usefulness of “Scotchcal” Film isn’t limited to visual 
tracking markers, by any means. They provide a convenient 
means of applying durable and weather resistant insignia and 
instructional and identification labels. One of our interceptor 
missiles now uses some 200 individual “Scotchcal” Film 
markings, large and small, for both types of application. 


@ BEAT THE HEAT: If the heat has you squirming — 
radiant heating, that is, in king-sized proportions, there may 
be relief in sight with 3M’s new Thermal Curtain Fabric. This 
unusual material has under actual test afforded protection 
against temperatures as high as 5000°F. for periods of 10 
seconds or more. Extensive evaluation by both military and 
civilian laboratories has shown the fabric capable of resisting 
thermal energy inputs as high as 50 Btu/ft. 2/second. 


The way it achieves this phenomenal performance is an 
interesting story in itself. There are actually a combination 
of effects involved. The first barrier to the heat is the alumi- 
nized surface which reflects 97% or more of the radiant en- 
ergy striking it. That which passes through then is controlled 


_ by the silicone rubber coating applied to the glass fabric base. 


This has been compounded so as to limit the temperature rise 


_ of the fabric and the total energy transmission. 


You may have other ideas as to its use, but in case you’re 
interested, it is now in use providing effective shielding 
against the high heat conditions of an atomic or nuclear 
blast. For more information on this “hot” item, ask your local 
IRVINGTON Division representative about the SRGA-0213 


“*SCOTCHCAL’’ AND 


ZS 
PMiienesora Jfinine ann JVJAnuracturinc company 4 
1S THE KEY TO TOMORROW 


«++ WHERE RESEARCH 


fabric (Silicone rubber-glass-aluminum), or contact Missile 
Industry Liaison. 


WM TAKE THE EDGE OFF: You can literally ‘‘cut 
corners” in the finishing of metal parts using 3M’s series of 
“Honite” abrasive chips and compounds. Because of the 
wide variety of sizes and grades available, “Honite” barrel 
finishing offers you a multi-purpose tool all wrapped up in 
one package. It’s equally applicable to deburring, descaling, 
deflashing, coloring and burnishing operations, as well as to 
precision surface finishing of most metal and plastic parts. 
“Honite” produces results that should please even the fus- 
siest of hardware manufacturers. It can easily achieve sur- 
face finishes of 10 micro inches, it can form uniform radii 
within tolerance of .0002” or less, and provide corner break 
to specified dimensions. 

If you find that you’re indulging in hand buffing opera- 
tions before plating, it’s time to divert expensive labor onto 
more productive operations, since “Honite” can take over the 
lion’s share of this job for you. Why, one operator can finish 
thousands of parts per day and what’s more, he need not be 
highly skilled labor. You'll find that it’s easy on the purse 
strings, too! Capital outlays for equipment are only nominal 
and operating costs permit savings up to 97% over hand 
finishing costs. 

For more information, contact your local HoniTE field 
representative or give us a ring. 


@ ABOUT “MIL”: 3M’s MissiLe INDusTRY LIAISON is a 
service staffed by technical personnel experienced in rocket 
propulsion and other phases of space technology. Their job 
is to translate problems of the aerospace industry to those 
3M specialists best qualified to solve them. If you have ques- 
tions on any of the items mentioned here or would like to 
know what else 3M makes—or could make—for your needs, 
mail coupon. 
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3M Company, Missile Industry Liaison — Dept. VAA-119 
St. Paul 6, Minn. 


Please send more information on [] “Scotchcal’” Film 
[] Thermal Curtain Fabric [] “Honite” Abrasive chips 
[] Send Missile Industry Liaison brochure. ’ 


Name 


Firm 
Address 
City 
State 


Zone 


ro 


“*HONITE'' ARE REGISTERED TRADEMARKS OF 3M CO., ST. PAUL 6, MINN.—EXPORT: 99 PARK AVE., NEW YORK 16. CANADA: LONDON, ONTARIO. 


(>, 
Sy, MISSILE 
» INDUSTRY 
See LIAISON 


Write in No. 230 on Reader Service Card at start of Product Preview Section 
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pardon our brash phrasing 


WERE 
GOOD 


BRAZING! 


in fact we are 


SPECIALISTS 


in the use of pure dry hydro- 
gen and nickel alloy for 
brazing aircraft, rocket and 
missile components. Our 
equipment is also ideally 
suited for bright annealing 
powdered metal sintering and 
copper brazing. 


let us 


SEND YOU 


our illustrated brochure 
“Trail Brazing for the Space 
Age?’ Use handy coupon below. 


WESTERN ALLOY 


ENGINEERING CO., INC. 
847 Truck Way, Montebello, California 


Please send me, without obligation, the 
brochure “Trail Brazing for the Space Age.” 


Company Name 


By 


Address 


City Zone___State 


PRODUCT PREVIEW 
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MICRO CHOPPER 
is photo-electric type 


Photo-Electric 
Micro Chopper consists of 2 photo- 


Model PEMC-1 
conductive cells and one _ gas-dis- 
charge lamp. The unit operates from 
0 to 20 keps and has a life ex- 
pectancy greater than 3000 hrs, says 
Titan Eng. Corp., Dept. S/A, 921 
Orangethorpe Pk., Anaheim, Calif. 
The chopper has no moving parts 
and is hermetically sealed and _ pot- 
ted. The unit operates from 115 V 
from —50 deg to +100 deg C 
and requires 0.3 watts. It weighs 
about 10 oz and measures 1% in. 
long by *% in. in diam. 
Write in No. 457 on Reader Service Card 
more on page 328 


INERTIAL 
PLATFORM 
ENGINEER 


To be responsible for inertial 
navigator platform subsystems 
development. 2-3 years expe- 
rience desired in inertial elec- 
tronics and platform develop- 
ment. 


To arrange interview call col- 
lect, Niagara Falls BUtler 
53-7851, or send resume to: 


SUPERVISOR 
ENGINEERING 
EMPLOYMENT 


BELL AIRCRAFT 
CORPORATION 
BUFFALO 5, NEW YORK 


Write in No. 234 on Reader Service Card Check Employment Inquiry Form on Page 


324 


Direct Reading 


FREQUENCY MODULATION 


VOLTAGE MODULATION 
on 400 CPS Systems 


MODULATION TEST 
SET 197 


Reads percent frequen- 
cy and voltage modu- 
lation on separate 
meters. Measures and 
records transients of 
voltage and frequency. 
For field and labora- 
tory use on aircraft 
power systems, ground 
power systems, 


FREQUENCY 
MODULATION 
METER 1180 


Reads frequency mod- 
ulation on meter cali- 
brated in percent. 
Records frequency 
transients with an out- 
put signal. For check- 
ing constant speed 
drives and frequency 
regulators in aircraft 
electrical systems. 


For detailed specifications, write 


Dept. SA-11 


AVTRON MFG., INC. 
10409 MEECH AVE, ¢ CLEVELAND 5, OHIO 
Write in No. 235 on Reader Service Card 


LOOK to the 
LEE HOTELS 


Superb accommodations, 
full value_and “‘snap-to”’ service 


Beverly Hills 
THE BEVERLY CARLTON 
@ e e 
West Los Angeles 
THE CAVALIER HOTEL 
e @ e@ 
Hollywood 
THE HOLLYWOOD PLAZA 
e e e - 
L. A. Airport Area 
SKYWAYS HOTEL 
@ @ @ 
Laguna Beach, Calif. 
HOTEL LAGUNA 
e e ® 
Lancaster, Calif. 
ANTELOPE VALLEY INN 
e e @ 
San Francisco, Calif. 
BELLEVUE HOTEL 
e © % 
Phoenix, Arizona 
FLAMINGO MOTOR HOTEL 
8 e e 


For immediate, confirmed reservation 

call: PLaza 9-6760 in New York 
GRaystone 4-3600 in San Franciste 
HOllywood 5-1131 in Les Angeles 
MAin 3-6688 in Seattle 

Was iOyexmsy or Teletype LA 1840 in Los Angeles 


217 Write in No. 236 on Reader Service Car | 
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Just name the tensile strength... 


SPS offers a tension bolt and companion locknut 
for every application up to 260,000 psi 


220,000 psi* 
SPS Hi Psi 
EWB 22 12- 
point external 
wrenching bolt 
—Y% through 
1% inch 


180,000 psi 


NAS 624 12- 
= ee point external 
wrenching bolt 
160,000 psi 160,000 psi | —#10through 
NAS 144 in- (high fatigue 1% inch 
ternal wrench- strength) 
ing bolt—#10 MS 20004 in- 
through 1% ternal wrench- 
inch ing bolt—#10 
through 1% 
SNe; inch 


125,000 psi 
AN 3 hexagon 
head bolt—#4 
through linch 


SPS Featherweight 12- 
point external wrench- 
ing locknut—FN 22 
Companion to NAS 144, 
MS 20004, NAS 624, 
SPS Hi Psi EWB 22, 
and SPS Hi Psi LWB 
22 bolts 


B= 
SPS Feather- 
weight hex 
locknut — 

FN 12 


AIRCRAFT / MISSILE Division 


220,000 psit 
SPS Hi Psi 
LWB 22 12- 
point external 
wrenching bolt 
—#10 through 
1% inch 


*Designed for use with 
202474 aluminum 


} Lightweight . configuration 
for use with 707576 alumi- 
num or harder materials 


SPS Feather- 
weight 12- 
point external 
wrenching 
locknut — 
FN 26 


260,000 psi 
SPS Hi Psi 
EWB 26 12- 
point external 
wrenching bolt 
—#10 through 
% inch 


BOLT 


COMPANION LOCKNUT 


Tension bolts and locknuts shown (a 
fraction of the complete SPS line) are 
serviceable to 550°F. Other fasteners 
are available for service through 1600°F. 
Whatever your particular requirements, 
SPS can offer a bolt and locknut com- 
bination certified for high mechanical 
reliability. For complete information, 
write SPS—manufacturer of precision 
threaded fasteners and allied products 
in many metals, including titanium. 


JENKINTOWN 54, 


PENNSYLVANIA 


SPS WESTERN, 
SANTA ANA, CALIFORNIA 


Write in No. 239 on Reader Service Card at start of Product Preview Section 
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ELECTRO-FLEX 
specialists in 
HEATING 

ELEMENTS 


LESS SPACE—LESS WEIGHT 


New lightweight, space-saving re- 
sistors permit substantial efficiencies 
and economies in aircraft and mis- 
4 sile electronic apparatus. Units are 
mounted in direct contact with inner 
surface of chassis or case so that 
25% to 40% of heat generated is 


Adhesive supplied 
provides good thermal 


Ad 2 - : ce emitted to atmosphere. Derating ‘ 
et ie curves are available. Insulation is silicone rubber— 
oA ee 4 Fe ae Available in the following ratings and sizes operable cogtine sy 
A i 4) Rating Dimensions Weight Connection tat 
a a 40 Watts Yax lhe x 4 .027 Ibs. ea. silver plated brass. 
we eo Gh Ge a - ‘4 80 Watts Yo x lex 6 -040 Ibs. ea. Special washers permit 
4 Ee ae “er Trtt?t sy. 120 Watts | %xIex8 | .053 Ibs. ea, | bolt or rivet mounting. 


160 Watts | 72x 1% x10 | .067 Ibs. ea. 


200 Watts | Yo x 1% x 12 .080 Ibs. ea. | transfer from resistor to 
mounting wall. 


send for free illustrated booklet 


TRACING CLOTH cessor 


Write in No. 228 on Reader Service Card 


se NO-STomare 


has CONVINCED thousands 
...send for YOUR FREE 


“TEST CAN” of C-5 “hi-temp” 
= ANTI-SEIZE THREAD COMPOUND! 


For one hunderd and one air- 
craft uses such as slip joints, spark 
plugs, manifold studs, turbo blowers, 
jet engines, etc. 


Minute Giants... 


B.M.B. Miniature Bearings to the highest precision 
limits, are made specially for Space craft, missile 
or ground support instrumentation. 


Try C-5 and see why leading 
aircraft manufacturers and thov- 
sands of industrial users have made it 


a part of their regular preventative 
maintenance program. 


Stainless Steel for servo applications—B.M.B. have 
supplied miniature bearings to the American mar- 
ket for the past ten years. 


Miniaturization ps reliability equals faultless 
functioning equals B.M.B. Miniature Bearings. 


AGENTS: 


David R. Grossman Co., 155 East 44th Street, 
New York 17, N. Y. U. S. A. 


Engis Equipment Co., 431 South Dearborn Street, 
Chicago, Illinois, U. S. A. 


v Ends Seizing and Galling even up to 1800°F. 
" ¥ Reduces Wrench Torque 
Vv Ends Stud Breakage 
Vv Permits Repeated Re-use 
V Speeds Assembly and Disassembly 
V Protects Stainless Steel at all Temperatures 


1614-AR 


Manufacturing Associates, 1416 Westwood Blvd., 
Los Angeles 24, California, U. S. A. 


a ow. 


C-5’s exclusive colloidal cop- dissimilar metals join. On mating 
per formula separates mating metal surfaces, C-5 saves gaskets 


: and countless man hours. = 
metal threads and surfaces with write TODAY... For Your FREE Test 


cushioning, protective copper plat- Sample Can of C.5. BRITISH MANUFACTURED BEARINGS co., LTD. 
ing. C-5 prevents galvanic action FELT PRODUCTS MFG. CO. 


-and eliminates pitting even when Dept. 52, P.O. Box 8609 Sole Selling Agents: 
Chicago 80, Ill, B.M.B. Sales Ltd., High Street, Crawley, Sussex, England. 
Write in No. 227 on Reader Service Card Write in No. 248 on Reader Service Card 
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SPACE/AERONAUTICS 


Mission: LUNAR PROBE 
Filter application: PROTECT HYDRAULIC CONTROLS 
Filter choice: PUROLATOR 


eoerererzee7 e788 


Complex, “‘must-succeed” filter applications in Atlas and other 
top priority projects are some of the tough new space-age 
filtration problems our engineers have solved. Your call PUROL ATOR 
or letter will put their unique experience and production PRODUCTS, INC. 
facilities at your disposal, to help you develop ways of han- Rahway, New Jersey and Toronto, Ontorie, Canada 


dling your own aircraft and missile filtration requirements. 
Write in No. 226 on Reader Service Card at start of Product Preview Section 


Filtration For Every Known Fluid 
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CIRCLE SEAL VALVES 


...dead tight sealing for 


GROUND SUPPORT 
APPLICATIONS 


j 


by That’s why 

engineers specify 

Circle Seal Valves 

in all categories of ground support... ranging from the 
trucks that deliver missiles to launching sites to the 
intricate testing equipment that checks them out prior to 
flight. For ground support equipment...and for hundreds 
of other applications... you, too, should know about 
Circle Seal Valves’ dependability. Write for details today. 


RELIEF VALVES 
0-2400 PSI 


SHUTOFF VALVES 
0-6000 PSI 


SHUTTLE VALVES 
0-3000 PSI 


CHECK WALVES 
0-3000 PSI 


AS 


1 
I 
{ 
| 
! 
| Se 
| bs 
eS | : I 
é os { 
t 
t 
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: 
t 

2 

t 

a 

a : s 
t 

t 

' 

! 

! 


i i a Ba a 


cIRCLE/?? \, James, Pond & Clark, Inc. 
SEAL\ @ 2181 East Foothill Boulevard 


% & . . 
. “sa ®| Pasadena, California 
precision valves 


Write in No. 231 on Reader Service Card at start of Product Preview Section 


FOTN 


SSOCIATES 


-.. get prompt delivery from warehouse stocks maintained at or near 
airports in: 


Atlanta, Ga. + Chicago, Ill. + Columbus, Ohio + Dallas, Tex. +» Los Angeles 
Calif. + Miami, Fla. » San Francisco, Calif. « Teterboro, N. J. +» Also these 
warehouses operated by Standard Products, Inc. (a wholly-owned subsidi- 
ary): Kansas City, Kansas + Tulsa, Okla. « Wichita, Kansas 


You'll find that Air Associates maintains ample stock of CF«&I- 
Wickwire Aircraft Control Cables at all its strategically located 


warehouses. Air Associates will furnish, on short notice, wire rope 
for aircraft tiedown systems. 


You get top quality when you buy CF&I-Wickwire Rope. And you 
get fast service when you order it from an Air Associates warehouse. 
6959A 


Write in No. 232 on Reader Service Card at start BF Produtt Preview Section 
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Check Employment Inquiry Form on Page 217 


PRODUCT PREVIEW 


ALTITUDE CONTROLLER 
has two operational modes 


A high degree of accuracy under 
missile and aircraft environments is 
claimed for this dual-mode barometric 
altitude controller by General Con- 
trols Co., Dept. S/A, 801 Allen Ave., 
Glendale 1, Calif. In unengaged oper- 
ation, the instrument provides instan- 
taneous altitude or pressure informa- 
tion as a voltage and shaft position; 
in the engaged mode, it offers data on 
altitude deviations for flight contro] 
use. 

Standard operating range for the 
43-oz controller extends to 100,000 ft, 
and temperature errors are held to 
plus or minus three ft between —55 
and +71 deg C. Along the sensitive 
axis, vibration and shock effects are 
less than one ft per g. In the un- 
engaged mode, linearity and hysteresis 
are held to +0.25 per cent or 100 ft, 
up to 80,000 ft. For engaged opera- 
tion, linearity over +500 ft excursion 
is plus or minus three per cent and 
hysterisis is under three ft upon re- 
turn to engage altitude. 

Write in No. 459 on Reader Service Card 


FLOATING NUTS 
are stainless steel 


This miniature floating spacer nut 
made in counter bore depths from 
% in. through % in. 14g increments, 
eliminates shims. Reluction in weight 
and increased speed of installation is 
claimed for them, according to Nutt- 
Shel Co., Dept. S/A, 2701 S. Harbor 
Blvd., Santa Ana, Calif. They are 
available in 10-32 %4-28 and 546-24 
thread sizes. 

Series No. M13701, conforming to 
NAS 1068, except for height, is made 
in stainless steel. Both miniature and 
standard floating spacer nuts conform 
to MIL-N-25027. 

Write in No. 460 on Reader Service Card 
more on page 330 


SPACE/AERONAUTICS 


These R&D Projects for Future Decades in Space 
typify Lockheed’s vast program of Air/Space Science 


@ New programs under development at Lockheed’s 
California Division are planned to solve America’s 
future exploration projects into space. The new 
multimillion-dollar Research Center in nearby San 
Gabriel mountains is further evidence of Lockheed’s 
determination to support and supplement its already 
extensive research and development activities. 


As a result of this markedly expanded program, 
there is urgent need for engineering and scientific 
personnel with high-level technical skills. 


Long a leader in advancing the science of flight, 
Lockheed is placing vast resources and accumulated 
knowledge into programs designed to provide major 
breakthroughs in the fields of: Basic and applied 
research; manned aircraft of advanced design; 
missiles and spacecraft. Some of these important 
research and development programs are: 


High Altitude Flight Vehicles with speed ranges 
between Mach 8 and 25. Problems associated with 


LOCKHEED 


CALIFORNIA DIVISION 
BURBANK, CALIFORNIA 


landing Manned Space Vehicles capable of hyper- 
sonic glide or orbit about the earth. Infrared System 
studies as an advanced method of detecting ultra- 
sonic missiles and high-speed aircraft. Solar Radia- 
tion studies. Vertical Take-Off and Landing and 
“air recovery” vehicles. Helicopters. Supersonic 
Transports. 


High caliber scientists and engineers are invited to 
investigate Lockheed’s outstanding career opportu- 
nities. Openings now exist in: Aero-thermodynamics; 
propulsion; armament; electronics—research and 
systems; servomechanisms—flight controls; sound 
and vibration; operations research; physics; 
antenna and telemetry; underwater sound propaga- 
tion; and for engineers with experience in structural, 
electrical and mechanical design. 


Write today to: Mr. E. W. Des Lauriers, Manager 
Professional Placement Staff, Dept. 1911, 2400 North 
Hollywood Way, Burbank, California. 


New Multimillion-Dollar Research 
Center under construction in Southern 
California’s San Gabriel Mountains — 
designed to house most of the research 
facilities of Lockheed’s California 
Division. Here will be found advanced 
research facilities in all fields related 
to atmospheric and space flight. 


Space transports capable of 
transporting — to an orbit of more than 
1000 miles —a pilot and 1000 pounds 
of payload, or three passengers 
equipped to work in space. 


Transport 
Problem 


Heavy-duty tie-downs that operate 
easily were needed to secure 
Douglas THOR missiles to special 
transporting trailers. Aeroquip solved 
the problem by designing hydravu- 
lically tensioned chain tie-downs that 
are rated at 13 tons strength, yet 
weigh only 27 Ibs. each. 


These tie-downs are but one of the 
many types of web, cable and chain 
tie-down systems developed by 
Aeroquip’s General Logistics Divi- 
sion, in rated strength from 150 Ibs. 
to 60,000 Ibs. 


If you have a fabricating or trans- 
porting problem requiring any type 


tie-downs, let Aeroquip help cu: This Aeroquip Chain Tie-Down is tensioned hydrau- 
Mail the coupon below for Bulletin lically to secure the missile to the trailer bed. It 
358. requires no wrenches to attach, provides a 3” take-up. 


= \eroquip 


-——————— GENERAL LOGISTICS DIVISION —---=--1 
2929 FLOYD STREET, BURBANK, CALIFORNIA SA-II 
Please send me a copy of Bulletin 358 on Aeroquip Tie-Downs. 


| | 
Name Title SAIC 
Company. ; 
Address_ | 
| City eset Zone State 


Write in No. 240 on Reader Service Card at start of Product Preview Section 
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PRODUCT PREVIEW 


ALKYD COMPOUND 
is flame-resistant 


This glass fiber reinforced alkyd 
molding compound, Glaskyd 2051, 
designed for military applications, is 
classified as an MAI-30 material, cov- 
ered by specification MIL-M-21699. 
Meant for flame resistance, good 
strength and excellent electrical prop- 
erties and moldability, typical appli- 
cations are electrical parts such as 
circuit breakers, switch housings, ter- 
minal boards, connectors, fuse hold- 
ers and rotary switches. 

It is a free flowing material and is 
produced and packaged in continuous 
rope form in diameters from % in 
to 1% in. 

Write in No. 461 on Reader Service Card 


VALVE 
for hydrazine fuels 


A missile fuel valve specifically 
constructed to handle hydrazine fuels 
in the —85 to +120-deg F range, at 
line pressures of 220 psi, has been 
developed by Koehler Aircraft Prod- 
ucts Co., Dept. S/A, 409 Leo St., 
Dayton, O. The helium-powered ac- 
tuator is effective over a —100 to 
+3800-deg F range and at 250 psi. 

Time from full-open to full-closed 
takes .030 sec maximum, a charac- 
teristic useful in aircraft, missile and 
rocket applications. 

Write in No. 462 on Reader Service Card 


SILICON RECTIFIERS 
in high-voltage series 


Four new high-voltage, high-cur- 
rent silicon rectifiers have been an- 
nounced by Pacific Semiconductors, 
Inc., Dept. S/A, 10451 W. Jefferson 
Blvd., Culver City, Calif. The units 
are said to provide higher current 
ratings, lower forward voltage drop, 
and better reverse leakage character- 
istics than previously available types. 

EIA type numbers 1N2382 through 
1N2385 have ratings of 4000, 6000, 
8000 and 10,000 V PIV; at 25 deg C, 
maximum rectified current is 150, 100, 
70 and 70 ma, respectively. The non- 
metallic housing used has a 400 V/- 
mil dielectric strength and a resistiv- 
ity of over 10 140ohm-cm. All four 
units are % in in dia and vary in 
length from one to two in, depending: 
on voltage rating. 

Write in No. 463 on Reader Service Card 
more on page 334 
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- DELCO RADIO 


NEW POWER TRANSISTORS 


MILITARY- COMMERCIAL 


2N1168 | 2N392 | 2N1011 Ete | 2N1160 


40 50 


typical typical 


1.5 1.5 1:2 1.2 12° 


Delco Radio rounds out its power _ 
transistor line with this new 5- 
ampere germanium PNP series. 
Types 2N1168 and 2N392 are spe- 
cially designed for low-distortion 
linear applications, while 2N1159 
and 2N1160 are outstanding in 
reliable switching mode operations. 


Type 2N1011 is designed to meet 
MIL-T-19500/67 (Sig. C). It joins 
2N665, MIL-T-19500/68 (Sig. C); 
2N297A, MIL-T-19500/36 (Sig. C) 
and JAN2N174, MIL-T-19500/- 
13A to provide a selection for mili- 
tary uses. 


Write today for engineering data 
on Delco Radio’s line of High 
Power Transistors. 


DIVISION OF GENERAL MOTORS 
KOKOMO, INDIANA 


BRANCH OFFICES 

Newark, New Jersey 

1180 Raymond Boulevard 
Tel: Mitchell 2-6165 

Santa Monica, California 
726 Santa Monica Boulevard 
Tel: Exbrook 3-1465 


Write in No. 186 on Reader Service Card at start of Product Preview Section 
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B-70 TRIPLESONIC GLOBAL BOMBER to use 
OSTER POWER PLANT INSTRUMENT SUBSYSTEM 


For this, the Avionic Division is drawing heavily on 


Management responsibility under the weapon sys- its experience in the fields of engine performance 
tem concept has been delegated to John Oster , analysis, engine parameter measurement, hi temp 
Manufacturing Co., Avionic Division, for the de- engine mounted transducers, electromechanical 
sign and manufacture of the Air Force B-70 power analog computer design, data display systems, 
plant instrumentation subsystem. indicator design and integral lighting. 


Illustrated is an Engine Group Indicator designed and 
manufactured for Naval Air Development Center, Johns- 
ville, Pa. It computes and displays turbojet engine data 
for a twin engine aircraft. The system is typical of Oster- 
designed equipment. Components used include size 8 
synchros, servo motors and motor tach generators 
manufactured by Oster. 


Note unusual electrical and mechanical design. If 
tackling problems like this interests you, contact 
Mr. Robert Burns in confidence. 


ONISILYAAGVY ANMOUG NOLANG 


For help with your instrumentation and display problems, talk to the specialists at the Avionic Division. 


OTHER PRODUCTS INCLUDE: 5 


i MANUFACTURING CO. 
Servos Computers 
Synchros Indicators Specialists in Instrumentation and Display 
Resolvers Servo Mechanisms ‘Avionic Division 
Motor Tachs DC Motors’ Servo Torque Units 


Racine, Wisconsin 


Interesting, varied work on designing ooo cireul Ss 
Engineers For Advanced Projects: | and servo mechanisms. 


Contact Mr. Robert Burns, Personnel Max 2 ger, in confic ence. 


Write in No. 218 on Reader Service Card at start of Product Preview Section 
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Man's Eternal Struggle with the Machine 


aes SS 
iaietliNeee 


Ss g \! Sere ~ 


RISING COSTS AND SHRINKING PROFITS EXERT UNUSUAL PRESSURES ON PROCUREMENT | 


What is the risk of letting conditions 


tempt you to select the lowest bid? 


You’re in a tough spot to say the least! 

Because if you care at all about your 
future or your company’s profits, you take 
every precaution to make sure that “real 
deal” price tag is hanging on a machine 
that will do your job. 

Obviously, price alone is indicative of 
nothing more than the bidder’s determina- 
tion of cost, plus the profit any manufac- 
turer must earn to remain in business— 
nothing more—no true suggestion of value 

. . and, of course, never even a hint of 
equipment suitability to your needs. 

Unfortunately, the lowest bid often re- 
sults from price cutting under competitive 
pressures. And price cutting necessarily 
down grades equipment value—unless the 
price-cutter is in business for reasons 
other than making a profit! 

Sciaky resistance welding and produc- 
tion equipment must satisfy your manu- 
facturing requirements. And Sciaky 


manufacturing operations must earn a 
profit just as your company must. That’s 
why Sciaky first determines what will 
satisfy your requirements, and then fig- 
ures the cost of putting it to work for you. 
Why take less than the full advantage of 
consulting with a Sciaky Application En- 
gineer the next time you are considering 
equipment. No obligation, of course. 


Recently a procurement official boasted 
of his subterfuge to reduce costs... ‘‘tell 
every vendor his bid is way out of line, 
and you can brow-beat them into substan- 
tial price reductions.’”’ Besides the ques- 
tion of ethics, he’s cheating his company 
of its ability to manufacture profitably, as 
well. Because no vendor can deliver more 
than he gets paid for—that is, not if he 
intends to stay in business. When that 
official’s manufacturing operations begin 
to sag under the dead weight of phony 
equipment bargains, who do you suppose 
is going to be holding the proverbial bag? 


7OA 
SCIAKY BROS., INC., 4912 W. 67th STREET, CHICAGO 38, ILLINOIS +POrtsmouth 7-5600 
Write in No. 245 on Reader Service Card at start of Product Preview Section 
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PRODUCT PREVIEW 


UMBILICAL 
for missile use 


fem 


ee 
OR 


This Electrical Umbilical design 
has 126 pins (4 through 20 contact 
size) with spring leaf contacts (no 
pin friction) and two 1%” water 
methanol electronic cooling lines for 
the guidance package, says E. B. 
Wiggins Oil Tool Co., Inc., Dept. 
S/A, 3424 Olympic Blvd., Los An- 
geles 23, Calif. 

Other features: lanyard disconnec- 
tion and cam retraction of the con- 
nector as a function of missile motion; 
unit is integral to the missile skin 
and forms a part of the stress bearing 
structure; connecting surface is elec- 
trically isolated upon disconnect; cab- 
ling integrated into single component 
with the electrical insert making 
maintenance simple; surface of missile 
half is flush within 0.030; and elec- 
trical connector can be submerged in 
salt water in the connected condition 
without electrical or mechanical fail- 
ure. 


Write in No. 464 on Reader Service Card 


ROTARY SWITCH 
for quick replacement 


MINIATURE PRESSURE SWITCH 
HARNESSES PRESSURES TO 4500 PSI 


For air, oil or hydraulic service, this miniature pres- 
sure switch performs like a veteran. Fabricated of 
stainless steel, it weighs less than two ounces, yet 
will withstand pressures up to 4500 psi. With no 
rubber parts, cure-date replacements are eliminated. 

The MA-40 is one of a group of Aerotec com- 
ponents that have been radically redesigned and 
miniaturized to meet the exacting weight, size and op- 
erating requirements of modern aircraft and missiles. 

If your next problem calls for a special component 
developed to critical specifications, contact our engi- 
neers for the answer to your need. 


SPECIFICATIONS This rotary switch, any wafer which 


334 


Temperature range 


nthonteie sete otec —100°F to +500°F 


AEFOTEC INDUSTRIES, INC. 


AIRCRAFT EQUIPMENT DIVISION, DEPT. S GREENWICH, CONN, 


CANADIAN AFFILIATE: T. C. CHOWN LIMITED, MONTREAL 


Write in No. 246 on Reader Service Card at start of Product Preview Section 


lifts out instantly without unsoldering 


Contact rating ............... 5.0 amp at 28 VDC (Snap Action) or disassembling, allows instant re- 
Operating Pressures ...... .. 50—2500 psig placement. Replacements are said to 
RrootipnessUremen ap. ey ee 4500 psig be error-proof and no wires need to 


be removed, according to Chicago, 
Dynamic Industries, Inc., Dept. S/A, 
1725 Diversey Blvd., Chicago 14, Ill. 
Switches are available in sizes ap- 
prox 2x2 in, 3x8 in and 4x4 in with 
lengths to accommodate up to 36 
wafers. 

Switches may be manually, motor 
or solenoid operated for use in any‘ 
rotary selector switch application. 

Write in No. 465 on Reader Service Card 
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THE PRACTICAL LOW COST ANSWER TO MULTI- 
CHANNEL OSCILLOGRAPHIC RECORDING PROBLEMS — 
--» SANBORN INTRODUCES THE FIRST OF THE 950 
SERIES --« THE 950-1500 SYSTEM---FOR FLOATING | 
OR GROUNDED INPUTS FROM 10 x.V TO 0.1 VOLT 
PER DIVISI 


—— 


Additional features of the 950-1500 include: common power SUPIE ChsrnGvAUeiORNES 

supply, built-in MOPA, front and rear inputs, easily serviced INPUT 100,000 ohms, all ranges, floating and guarded. 
plug-in circuit cards, adaptability for use with other readout OUTPUT 400 ma. full scale, 15 ohms nominal load, ungrounded 
devices. When many channels are constantly in use for floating LINEARITY 0.4% 

or grounded high gain inputs the simplified 950-1500 design SENSITIVITY 10, 20, 50, 100, 200, 500, 1000 and 2000 wv per chart div 
assures dependable operation, yet at much lower ‘‘per channel’’ ened hate NoOldbaminude 


cost. FREQUENCY 0-100 cps within 3 db at 10 div peak to peak 0-50 cps with- 
RESPONSE in 3 db at 50 div peak to peak. 


. . ° 17 . . 
Complete details are available from Sanborn Sales-Engineering Representatives NOISE 4 div peak to peak maximum. 


located in principal cities throughout the U.S., Canada and foreign countries. (All data subiect to change without Ae tce) 


NEREM '59 Comm. Armory, Boston, November I7, 18, 19. 


SANBORN SQY COMPANY 


INDUSTRIAL DIVISION 175 Wyman Street, Waltham 54, Massachusetts 
Write in No. 247 on Reader Service Card at start of Product Preview Section 
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Carl Bawmgaertner, Assistant Chief Engineer, 
Ground Support Equipment, Honeywell Aeronautical Division 


@ Engineers. Re 
here are opportunities 
to work and grow in our 


ground support group &@ 


“For 74 years, Minneapolis Honeywell has pioneered the devel- 
opment and production of advanced automatic controls. Today 
—with work in automatic controls more critical, more demand- 
ing, and more rewarding— Honeywell is a leader in this area 
of space operation. 


“Our group at Honeywell is concerned with establishing leader- 
ship in a relatively new area of Ground Support Equipment. 
The requirements for testing complex electronic systems pre- 
sent a challenge for creative approaches. There are currently 
openings within this group for electrical engineers, preferably 
having experience in digital techniques, solid state circuitry, 
and logical circuit design as applied to automatic checkout 


systems. There are also openings for recent graduate engi- 


neers in this field. 


“If you are a qualified engineer interested in a rewarding career in this area 
of Honeywell Aero, send information on your background, interests, and 


accomplishments to Bruce D. Wood, Technical Director, Dept. 65B." 
HONEYWELL 


1433 Stinson Boulevard, Minneapolis 13, Minnesota 


PESO ON A‘OaT nGeAck oD eM [2S .1hOcN 

To explore professional opportunities in other Honeywell operations 
coast to coast, send your application in confidence to H. D. Eckstrom, 
Honeywell, Minneapolis 8, Minnesota. 


Check Employment Inquiry Form on Page 217 


PRODUCT PREVIEW 


SILICONE RUBBER WIRES 
for high temperatures 


This lead and hook-up wires and 
aircraft and circuit wires insulated 
with silicone rubber is available in 
AWG sizes 4 through 28 an tempera- 
ture ranges of —55 deg C to +200 C, 
according to American Super-Temper- 
ature Wires, Inc., Dept. S/A, W. 
Canal St., Winooski, Vt. They meet 
Navy MIL-W-16878C, type F for 
600v service, and type FF for 1000v 
service, and MIL-W-8777A. 

Protective jackets can be fabri- 
cated in teflon impregnated fiber- 
glass, nylon, dacron, or mixtures of 
them. 

Write in No. 466 on Reader Service Card 


SEALED BEARINGS 
high speed aircraft 


These high temperature, low-torque, 
sealed ball bearings for high speed air- 
craft, designated the AW-AK series, 
were designed for sensitive aircraft 
control. They are fabricated of stain- 
less steel, heat-stabilized, and lubri- 
cated with heat resistant oil, says 
Fafnir Bearings Co., Dept. S/A, New 
Britain, Conn. Available with teflon 
fabric seals that withstand temper- 
atures in the 550 deg range. 

These seals are said to hold seal 
drag to a minimum. 

Write in No. 467 on Reader Service Card 


POTENTIOMETER 
has long life 


The Model 55, a wire-wound pre- 
cision potentiometer that has been 
vibration-tested for up to 24 g at 
500 cps and up to ten g at 1000 cps, 
is available in servo-mounting pack- 
aging or standard bushing mount, 
according to New England Instru- 
ment Co., Dept. S/A, 320 Main St., 
Woonsocket, R.I. It has a trouble-free 
life expectancy of five million revo- 
lutions in certain combinations of 
service conditions. 

Standard units have a maximum 
resistance of 100 k, plus or minus 
five per cent, and plus or minus one 
per cent on special types. The poten- 
tiometer is rated for two W at 65 
deg C, and ambient temperature , 
range is —55 to +105 deg C for 
standard types. 


Write in No, 468 on Reader Service Card 


SPACE/AERONAUTICS 


PRESSURE SWITCH 
has poppet-type action 


This differential pressure switch 
with poppet-type action is used to 
measure pressure differences between 
two locations in a hydraulic or 
pneumatic circuit and, at a predeter- 
mined difference, to close or open 
an electrical circuit, operating an 
alarm or a control device, says Con- 
solidated Controls Corp., Dept. S/A, 
750 So. Isis Ave., Inglewood, Calif. 
A typical application is the sensing 
of pressure drop across filters, an in- 
dication of the degree of contamina- 
tion of the filter element. 

A spring is preloaded against a 
poppet, seating the poppet against 
the higher of the two pressures being 
sensed. When the spring preload is 
exceeded, the poppet moves from its 
seat, exposing an even greater area 
to the high pressure. This causes the 
poppet to snap to a second position, 
which operates the one or two micro- 
switches in the unit. 

Write in No. 469 on Reader Service Card 


TOROIDAL INDUCTORS 
have wide range 


Series 783, miniature toroidal induc- 
tors have a useful frequency range 
from 10 Keps to 500 Keps. Inductance 
values of the units range from 1mh to 
8h, says Arnold Magnetics Corp., 
Dept. S/A, 4613 W. Jefferson Blvd., 
Los Angeles 16, Calif. 

The units measure 1] in. diameter by 
% in. high and weigh only 0.5 oz. 
These inductors are designed with a 
6-32 threaded insert for printed cir- 
cuits. Built to meet MIL-E-5272A and 
MIL-T-27-A, the units are fully en- 
capsulated and hermetically sealed. 

Write in No. 470 on Reader Service Card 
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Corles Perkins, Chief of Flight Control Systems 
Honeywell Aeronautical Division 


ee I need analytical, systems, 


component engineers to 
work vn flught control systems ee 


“Our team at Honeywell introduced the first successful electronic auto- 
pilot in 1941—the C-1 of World War II fame. Since, we have produced 
more flight control systems than any other company and have devel- 
oped concepts in flight control that are now standard in this field. 
Today, most top aircraft and missiles are equipped with Honeywell 
flight controls. Our group has expanded steadily and now we need 
additional engineers. 

“T’m looking for analytical engineers capable of simulating (mathe- 
matically on paper or computers) characteristics and problems in 
missiles and aircraft control, stability, and control systems. These men 
have good math backgrounds with analog computer experience. 

“Systems engineers for our group should be capable of interpret- 
ing analytical results into navigation, guidance, or flight control sys- 
tems. They should be electrical engineers experienced in systems— 
ideally, with experience in flight control in the aviation industry. - 

“Components engineers should be electronics men with emphasis 
on transistor circuitry. These are the men responsible for designing com- 
ponents which go into the system. Must have circuitry design experience. 

“Tf you fit one of these categories, I’d like to hear from you. Just 
drop a line including pertinent information on your background, 
interests, and accomplishments to my Technical Director, Mr. Bruce 
D. Wood. He will arrange a meeting—to answer your questions about 
Minneapolis-Honeywell—to discuss your plans and the possibility of 
a career with Honeywell.” 

Write: Bruce D. Wood, Technical Director, Dept. 65C 


Honeywell HI 


Alea OunN. AU cleoleGoALL “DEV TsSal ON 


1433 Stinson Blvd., N.E., Minneapolis 13, Minn. 
Fine opportunities also exist in other Honeywell development and manufacturing 
facilities in the Boston area, Philadelphia area, Los Angeles area, Minneapolis, 
Seattle, St. Petersburg, Chicago and Freeport, Illinois, Denver and the Washington, 
D.C. area. Send resumé to H. D. Eckstrom, Dept. 65C, Director of Employment, 
Minneapolis Honeywell, Minneapolis 8, Minnesota. 
Check Employment Inquiry Form on Page 217 
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MOTOR-GENERATOR — A_ 16-page 
technical brochure describing the 
characteristics of a series of motor- 
tachometer generators has been issued 
by Avionic Div., John Oster Mfg. Co., 
Dept. S/A, 1 Main St., Racine, Wis. 
Catalog 6000-covers units from Size 8 
through 18. 

Write in No. 471 on Reader Service Card 


OSCILLOGRAPH—Up to fifty chan- 
nels of test data on a 12-in wide 
record may be recorded by the Model 
603 direct recording-readout oscillo- 
graph, according to information re- 
leased by Midwestern Instruments, 
Dept. S/A, P.O. Box 7186, Tulsa, 
_ Okla. Record speeds are variable 
from .05 to 170 ips, and trace writing 
capability exceeds 30,000 ips. 

Write in No. 472 on Reader Service Card 


TIEDOWN RING—A brochure briefly 
describing tiedown rings of 25,000-, 
10,000- and 5000-lb capacity has been 
released by Puritas Metal Products 
Co., Dept. S/A, 16116 Puritas Rd., 
Cleveland 35, O. The folder also il- 
lustrates a hold-down trailer chassis 
clamp. 

Write in No. 473 on Reader Service Card 


WIRING TOOLS—Rapid-Wrapit tools, 
which are hand-operated tools for 
making solderless, wrapped wire 
connections, have been described in 
an illustrated four-page brochure by 
Utica Drop Force & Tool Div., Kel- 
sey-Hayes Co., Dept. S/A, Utica 4, 
N. Y. Connections made with the tools 
are said to be stronger, more uniform 
and less expensive than conventionally 
soldered connections. 

Write in No. 474 on Reader Service Card 


RELAYS—LRD-CC-59 is a four-page 
brochure that presents specifications 
and ratings of crystal can relays made 
by Leach Corp., Dept. S/A, 5915 
Avalon Blvd., Los Angeles 3, Calif. 
The subminiature units can meet 
stringent environmental requirements 
in control system, computer, air- 
craft, missile, and other other ap- 
plications. 

Write in No. 475 on Reader Service Card 


METAL STAMPINGS—A four-page 
brochure on precision drawn clos- 
ures and metal stampings, including 
covers, cases, and subassemblies, 
has been prepared by Hudson Tool 
& Die Co., Inc., Dept. S/A 18-38 
Malyern St. Newark 5, N. J. The 
illustrated publication points out that 
over 1600 standard can sizes are made 
in eight metals. 

Write in No. 476 on Reader Service Card 
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data preview 


CERAMICS—The mechanical and elec- 
trical properties of high strength 
alumina ceramics suitable for use in 
missile applications, among others, 
have been tabulated in four-page 
Bulletin 858 by Coors Porcelain Co., 
Dept. S/A, 600 Ninth St., Golden, 
Colo. Production techniques and pre- 
cision and metalizing facilities for 
ceramic parts manufacture are briefly 
described. 


Write in No. 477 on Reader Service Card 


CHEMICAL MILLING — Advances in 
the art of chemically milled steel 
alloys are described in design bulletin 
No. 8 by U. S. Chemical Milling Corp. 
Dept. S/A, 1700 Rosecrans Ave., Man- 
hattan Beach, Cal. It is prepared for 
designers as well as production engi- 
neers concerned with uses of steel 
alloys. 

Write in No. 478 on Reader Service Card 


LOCKNUTS — Locknuts having high 
strength and lightweight for use in 
aircraft missile and relation applica- 
tions at temperatures up to 1200 deg 
are described in Form 2468 by Stand- 
ard Pressed Steel Co., Dept. S/A, 
Box 879, Jenkintown, Pa. Photos, de- 
sign drawings and charts are included. 

Write in No. 479 on Reader Service Card 


CABLE—Low pickup, minimum radia- 
tion inter-8 cable are described in 
data sheet C-1 by Perfection Mica 
Co., Dept. S/A, 1822 N. Elston Ave., 
Chicago 22, Ill. It shows present test 
data, external field pickup test and 
applications. 

Write in No. 480 on Reader Service Card 


ACCESSORY EQUIPMENT—An illus- 
trated catalog describing accessory 
equipment for use in aircraft, missile 
and space craft has been issued by 
Lyndon Aircraft, Inc., Dept. S/A, 
140-15 Clifford St., Newark 5, N. J. 
It contains accessory description, ap- 
plication, engineering data, perform- 
ance curves and dimension drawings. 

Write in No. 481 on Reader Service Card 


STRUCTURAL PARTS — Production 
processes for structures, sub-assem- 
blies and other components for 
missiles, rockets, aircraft, marine and 
general industrial applications are 
described in a brochure by Prewitt 
Aircraft Corp., Dept. S/A, Madison 
& Holley Sts., Clifton Heights, Pa. 
Included are a pressurized battery 
box of reinforced plastic and an as- 
bestos-phenolic nose cone for missiles. 

Write in No, 482 on Reader Service Card 


PRESSURE SYSTEMS — Descriptions 
and illustrations of standard and ac- 
cessory high pressure items, as well 
as custom-built super-pressure equip- 
ment are contained in catalog 407 by 
American Instrument Co., Dept. S/A, 
8030 Georgia Ave., Silver Springs, 
Md. It has detailed information on 
reaction vessels and other applications. 

Write in No. 483 on Reader Service Card 


EXPANSION JO#NTS—A complete line 
of packless corrugated expansion joints 
are described in a bulletin by Zallea 
Brothers, Dept. S/A, 815 Locust St., 
Wilmington 99, Del. Application aids 
are included. 

Write in No. 484 on Reader Service Card 


OXYGEN TESTING—Gaseous oxygen 
testing of air and spaceborne com- 
ponents and systems is described in 
a brochure by Telecomputing Corp., 
Whittaker Controls Div., Dept. S/A, 
915 N. Citrus Ave., Los Angeles 38, 
Cal. Calibration of high-capacity mass 
flow meters is explained, and testing 
in a wide range of environmental 
functional conditions which reproduce 
actual in-flight operations. 

Write in No. 485 on Reader Service Card 


WELDING—A catalog of welding 
products has been conrbined with a 
guide to practices in a brochure by 
Arcos Corp., Dept. S/A, 1500 S. 50th 
St., Philadelphia, Pa. It describes 
stainless, low-alloy, non-ferrous rods 
and electrodes for manual, automatic 
and semi-automatic welding. 

Write in No. 486 on Reader Service Card 


FUEL FILTERS—An engineering data 
sheet No. 102 describing No. 565383 
replacement elements for aircraft 
main fuel line filters has been pre- 
pared by Bendix Aviation Corp., Filter 
Div., Dept. S/A, 434 W. 12 Mile Rd., 
Madison Heights, Mich. Flow-rate 
pressure drop curves and cross-section 
drawings are included. 

Write in No. 487 on Reader Service Card 


SWITCHES—High temperature switch- 
es and metal enclosed, environment- 
free switches as well as popular types 
of phenolic-cased, push-button, tog- 
gle and integral-actuator types are 
described in catalog No. 159 by W. 
L. Maxson Corp., Unimax Switch 
Div., Ives Road, Wallingford, Conn. 
Also contained are drawings, descrip- 
tions, force and movement specifica- 
tion tables and ratings. 
Write in No. 488 on Reader Service Card 
more on page 340 
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F Thunderbirds 

Subject Hamilton Standard 
Fuel-Air Starters 

to Grueling Field Use 


1,000 successful starts in 5 months 
prove ruggedness and dependability of 
Hamilton Standard’s FAS-450-9 units 


By installing Hamilton Standard self-contained fuel- 
air starters in their F-100Cs last April, the Thunder- 
birds found they could put their show into motion 
right on the ground with fast, simultaneous starts. 
In fact, between April and September, each plane 
logged over 200 successful starts: What’s more, the 
Thunderbirds have eliminated 3,000 pounds of 
equipment from their baggage. 

Field reports like these reinforce one of the out- 
standing starter records in the industry. Over 14,000 
Hamilton Standard starters... pneumatic and fuel- 
air... are in service today on 27 types of front-line 


aircraft. That’s experience you can count on. 


Model FAS-450-9. Weighs 44 Ibs. Delivers 150 hp. Starts 
Thunderbirds’ J-57P-21 engines (16.3 slug ft.2 moment of 
inertia) in 10 seconds. Complete data available on request. 


HAMILTON STANDARD 


DIVISION OF UNITED AIRCRAFT CORPORATION 


Windsor Locks, Connecticut 
ENGINE AND FLIGHT CONTROLS @® ENVIRONMENTAL CONDITIONING SYSTEMS 
° PROPELLERS e STARTERS e HYORAULICS ° ELECTRONICS 
@ GROUND SUPPORT EQUIPMENT 
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NEW 
MINIATURE 
AGASTAT’ 
time delay relay 


for missile, aircraft and 
electronic applications 


INSTANTANEOUS RECYCLING... 
reset time—less than .020 seconds xs 
UNAFFECTED BY VOLTAGE VARIATIONS .. . time delay remains 
constant from 18 to 30 volts DC 

ADJUSTABLE . . . time delays from .030 to 120 seconds 


DATA PREVIEW 


MECHANICAL HARNESSING—An en- 
gineering design manual, 210G, de- 
scribes standard clamps, line supports, 
brackets, and shims in a variety of 
shapes and sizes prepared by TA 
Mfg. Corp., Dept. S/A, 4607 Alger 
St., Los Angeles 39, Cal. Included 
are installation techniques and weight 
charts. 

Write in No. 489 on Reader Service Card 


MULTI-CONDUCTOR CABLE—Ther- 
mo-Cable, a new type of polyvinyl- 
insulated, multi-conductor cable for 
installing 6 to 56 pairs of thermo- 
couple loads at one time, is described 
and illustrated in Catalog 83 by 


CHOICE OF Bence aetot either eusgieing or See Thermo Electric Co. Inc. Dept a 
SMALL . . . height—454"". . . width—11344’’. . . depth—114 Saddle Brook, N. J. Charts show 
LIGHT . . . maximum weight—15 ounces specifications, and other tables are 
MEETS ENVIRONMENTAL REQUIREMENTS OF MIL-E-5272A included. 


This new AGASTAT time delay relay is an externally adjust- Write te He, 490. on: Reader sot ee 
able, double-pole, double-throw unit. It incorporates the basic 
AGASTAT timing principle, proved by a half-century of reliable TEST EVALUATION SYSTEM—A 6- 
operation on automatic aids to navigation, in a space-saving page brochure describing a “Slip- 
miniature unit built to withstand the rugged environmental Syne System” for visual and photo- 
conditions of missile and aircraft applications. graphic study of vibration tests which 
For specific information on the new AGASTAT relay for will display and/or photograph any — 
your application, write to Dept. A30-1119 repetitive motion has been prepared ~ 
by Chadwick-Helmuth Co., Dept. 


ELASTIC STOP NUT CORPORATION OF AMERICA S/A, 472 E. Duarte Road, Monrovia, 
- ———————— Calif. The theory of operation is 
1027 Newark Avenue, Elizabeth, New Jersey included. 
Pioneers in pneumatic timing Write in No. 491 on Reader Service Card 
Write in No. 249 on Reader Service Card at start of Product Preview Section more on page 342 


sed 


© TELEDYNE’ 


PRESSURE TRANSDUCER 


Compliance to specifications so rigid as to be 
impossible in many pressure transducers has made 
TELEDYNE the “standard” for measuring pressures 
in rocket, missile and jet systems. Because of BONDED 
STRAIN GAGE construction, TELEDYNE has low 
sensitivity to vibration or shock in any axis. Handles 
extremely corrosive media, including fuming NITRIC 
ACID. Features Pressure Cavity clean out and standard 
built-in pressure overload protection. Repeatability 0.1%, 
Linearity 0.3%, Hysteresis 0.25%, Ambient Temperature 
—150° to + 275° F., Pressure Ranges: 0-50 to 0-10,000 PSI. 
With simple cable connection, can be used simultaneously 
with both Taber Indicator, as shown, and 
standard make Recorders and Controllers. 


Write or telephone for literature and prices Write for literat 
erature 


TABER INSTRUMENT CORPORATION 
Section 36 107 Goundry St. 

North Tonawanda, N.Y. 

Phone: LUdlow 8900 TWX - TON 277 
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Write in No. 250 on Reader Service Card at start of Product Preview Section 


on our complete 
line of Miniature 
Transistor 
Amplifiers. 


SPACE/AERONAUTICS 


Missiles destined to be on target 
are built with PARISH precision 


The U.S. Army’s missile . . . La Crosse... is 
designed to kill in a single shot. That’s why 
Martin engineers insist on the most rigorous 
specifications and why Parish was selected as 
subcontractor for the engine metal parts as- 
sembly. 


Precision . . . for absolutely controlled flight 
. . . is built into every part of the Parish as- 
sembly. Balance is critical and the weight of 
the entire assembly cannot vary more than 14 
of 1% of design weight. Add another factor 
... complete interchangeability ... and you'll 


DANA PRODUCTS: Transmissions * Universal 
tts * Propeller Shafts * Axles * Torque Con- 
fers ¢ Gear Boxes * Power Take-offs * Power 
e-off Joints ¢ Rail Car Drives * Railway Gen- 
tor Drives * Stampings * Spicer and Auburn 
ches *Parish Frames® Spicer Frames ® Forgings 


Write in No. 251 on Reader Service Card 
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see why Parish is one of the select few subcon- 
tractors regularly mass producing for the missile 
industry. 

Parish has the experienced men and the pre- 
cision tools for still another missile contract. 
Why not insure performance by calling Parish 
today? , 


oD 


For free booklet describing Parish ion guide 
facilities and equipment that 
can help cut costs for you. 


WRITE TODAY... Cision ant: 


test 


at start of Product Preview Section 


ALWAYS 
ROOM 


FOR 
cylin ONE 
TUBE FITTINGS MORE! 


Close quarters are 
a cinch with Roylyn 
lightweight, compact 
1900 Series Tube Fittings, 
a union so compact that there 
is ALWAYS ROOM FOR ONE MORE 
even in the smallest, hard-to-get-at 
areas... a union stronger by far than 
the lines it connects ...a union easily con- 
nected with spanner wrenches for simplified 
installation and servicing. 


Compare these features 


@ CLOSER ROUTING OF LINES @ FASTER INSTALLATION 
@ GREATER STRENGTH @ EASIER INSTALLATION 
@ LIGHTWEIGHT @ BUILT TO MIL SPECIFICATIONS 


Another Popular and Widely-Used Product in the Roylyn 
Family of Aircraft Equipment: 


+ “QUICK’’ COUPLINGS— OPEN AND SELF-SEALING 
FILLER UNIT ASSEMBLIES— CAPS, DIPSTICKS, STRAINERS 
LAVATORY DRAIN VALVE 

AIR-START HOSE AND COUPLINGS 

SINGLE POINT FUELING VALVE 

WEG LOCKING INSERTS 


. 


You Name It... Roylyn Makes It! 


She Béit Connsctians inthe World 


620 PAULA AVENUE @ GLENDALE 1, CALIFORNIA 


Write in No. 252 on Reader Service Card at start of Product Preview Section 
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Write in No. 253 on Reader Service Card 


DATA PREVIEW 


FIRE SYSTEMS—A_ booklet covering 
products designed primarily for ai 
craft and missile applications, fron) 
fire detection and extinguishing equip 
ment to pneumatic systems and com} 
ponents has been prepared by Walte 
Kidde & Co., Aviation Div., Dept; 
S/A, Belleville 9, N. J. Reinforced 
plastic fiberglass shapes and form}) 
are included. 


Write in No. 492 on Reader Service all 


SEALING FASTENERS — Single-unit} 
high-pressure seals and _ fastener} 
suitable for military, commercial an 
industrial applications are discusse 
in Catalog No. 359 by A.P.M. Corp} 
Dept. S/A, 252 Hawthorne Ave 
Yonkers, N. Y. | 

Write in No. 493 on Reader Service Cari 


QUICK-RELEASE PIN—An engineerin} 
bulletin of dimensions, specification}, 
and call-outs for positive lockinjj 


quick-release pins has been prepare 
by General Fastener Corp., Depi 
S/A, P. O. Box 608, Burbank, Caliil) 
Both single and double acting typejj 
are covered. 1) 


Write in No. 494 on Reader Service Ca | 


MACHINING—An aluminum machir}j 
ing chart, Sec. G., No. 2, having tabl i 
of recommended speeds and feeds fr} 
six machining operations has bee ! 
prepared by Peter A. Frasse & Co 
Inc., Dept. S/A, 17 Grand St., Ne+ 
York 13, N. Y. Sec. E. No. 1 identifi. 
carbon steel government specific:| 
tions. 


Write in No. 495 on Reader Service Cai) 


prepared by Arnold Magnetics Corp 
Dept. S/A, 4613 W. Jefferson Blve 
Los Angeles 16, Calif. Plug-in desig: 
is for use in printed circuits. 

Write in No. 496 on Reader Service Ca} 


METAL INSPECTION—A method fi 
locating invisible defects in ferrow 
metal parts and assemblies is d 
scribed in Bulletin F-59 by Fe: 
Machine & Tool Corp., Dept. S// 
5514 W. Washington St., Indianapo 
41, Ind. The system is said to locat 
discontinuities. 

Write in No, 497 on Reader Service Ca 


GAS TURBINES—Aircraft gas turbin¢ 
designed primarily for helicopters, a% 
discussed in Bulletin 8841 by Ges 
eral Electric Co., Dept. S/A, Schene 
tady 5, N. Y. Included are results | 
the 150-hour model tests on the, T5: 
GE-6 production engine. 
Write in No. 498 on Reader Service Ca 

6 more on page 


SPACE/AERONAUT I¢ 


verformance 
oroved 


Step aboard United Air Line’s new Douglas DC-8 Jet Mainliners 
with complete confidence that every component has been 
performance proved. Inside the mighty structures are scores 

of Janitrol couplings linking vital high pressure air ducts. 

Only top quality products are used in the DC-8’s. Write for 

the comprehensive booklet, “Janitrol Resources,” which documents 
the capabilities and facilities behind Janitrol quality products. 
Janitrol Aircraft Division, Surface Combustion Corporation, 

4200 Surface Road, Columbus 4, Ohio. 


pneumatic controls educt couplings and supports+ heat exchanger. 
combustion equipment for aircraft, missiles, ground support 
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PROBLEM SOLUTION 


of Aircraft Component Supplier | by Chicago Pneumatic 


Obtain a motor that would... All specifications were met by a CP-841J7 Actuator Motor, 


J. Drive a linear type actuator for automatic pilot con- using the patented CP Low Inertia Rotor. It successfully 
trolled elevator tab system. met the “ON-OFF” duty-cycle requirements with the essen- 

2. Withstand duty cycle of %2 second “ON”, and 2% tial fast braking action needed to prevent overriding. 
seconds “OFF.” CP has immediately available hundreds of basic designs 

3. Have ac solenoid brake incorporating holding torque of and types of aircraft motors and actuators suitable for 
4.5 to 8.5 pound-inches. This brake to stop the rotor adaptation to your immediate requirements. In addition, a 
—which is turning at 11,000 rpm—every 3 seconds with- competent staff of motor specialists will work with you to 
out overheating. help solve your motor problem. For full information write 

4. Prevent overriding of tab system by stopping rotor within Chicago Pneumatic Tool Company, 8 East 44th Street, 
40 revolutions at no load. New York 17, N. Y. 


CP-841J7 Actuator Motor, shown half size. 


Chicago Pneumatic 


AVIATION ACCESSORIES PNEUMATIC TOOLS * ELECTRIC TOOLS « DIESEL ENGINES e ROCK DRILLS e HYDRAULIC TOOLS « VACUUM PUMPS 
Write in No. 254 on Reader Service Card at start of Product Preview Section 
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BARCO FLEXIBLE JOINTS 
, ay 


For Handling 
High Energy 
Fuels.... 


4” SIZE 


4” special stainless steel Barco Flexible 
Ball Joint for handling liquid oxygen. 


epeiss <.s1- NIQUId 
oxygen, white 
fuming and red 
fuming nitric 
acid, and JP 3, oe 
4, and 5 fue! 


6” SIZE 


180° flanged 6” Barco Ball Joint for use in loading 
and unloading line handling liquid propellant. 


=special designs for LOX 
and other Missile Fuels 


Extensive design and manufacturing experience is yours to 
call upon at Barco for the handling of special liquid fuels 
in the aircraft, rocket, and missile industries: 


—Flexible Ball Joints for metal loading lines handling corrosive fluids. 


—Special flexible joints with leakproof seals for conveying fluids at 
low temperatures down to —300°F. Also high temperature 
designs up to + 1000°F. 


— Special designs resistant to nuclear energy radiation. 
Barco joints provide flexibility unlimited for piping and 


tubing. Our engineers will be glad to work with you on 
special problems and assist with recommendations. 


Flexible Hydraulic Lines for Missiles, Aircraft 


Barco produces high pressure 
self-aligning swivel joint and 
tubing assemblies for hydrau- 
lic pressures to 4,000 psi, 
and higher. Also a wide se- Alaa Tee : 
lection of standard and spe- SWNEL nee 
cial swivel joints and as- oo 
semblies for launching and 
flight gear. Sizes V4" to1”. 
ASK FOR NEW CATALOG 269-A. 5 : | 
a 


| 


i 


MISSILE LAUNCHER 
HYDRAULIC ASSEMBLY 


BARCO _ Serving Industry Since 1908 
MANUFACTURING CO., 575M Hough St., Barrington, tl. 


Write in No. 255 on Reader Service Card at start of Product Preview Section 
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DATA PREVIEW 


THERMOMETERS—Thermistor therm- 
ometers capable of temperature meas- 
urements in the range between 
—328 and 845 deg F are described 
in bulletin B by Atkins Technical, 
Inc., Dept. S/A, 1276 W. Third St., 
Cleveland 18, Ohio. It lists ranges for 
various models of three and four-scale 
instruments, 

Write in No. 499 on Reader Service Card 


SYSTEMS DESIGN—Engineering, man- 
ufacturing, research, testing and organ- 
izational capabilities as well as prod- 
ucts and systems are illustrated in a 
bulletin by Western Gear Corp., Dept. 
S/A, P. O. Box 182, Lynwood, Calif. 
It is prepared for engineers engaged 
in the design of major systems in 
aviation, electrical, electronic, marine 
and military fields. 

Write in No. 500 on Reader Service Card 


SERVO MOTORS-—Basic models of 
precision made servo motors, sizes 
8 to 29, for scientific, military and 
industrial applications are described 
in catalog No. 5000 by John Oster 
Mfg. Co., Dept. S/A, 1 Main St.,. 
Racine, Wis. Included are dimensional 
drawings, physical, electrical and me- 
chanical characteristics. 

Write in No. 501 on Reader Service Card 


FASTENERS—More than seven thou- 
sand items and sizes in stainless steel, 
such as AN and MS fasteners, cap 
screws and bolts, nut washers, etc., 
are among the items listed in a cata- 
log by Star Stainless Screw Co., Dept. 
S/A, 699 Union Blvd., Paterson 2, N. 
J. It also features rivets, cotter pins, 
piano hinges, and other products. 
Write in No, 502 on Reader Service Card 


PRESSURE INDICATOR — Description 
of method of operation, dimensions, 
materials of construction, and op- 
tional features are contained in bulle- 
tin A-109 by Aircraft Porous Media, 
Inc., Dept. S/A, 30 Sea Cliff Ave., 
Glen Cove, N. Y. 

Write in No. 503 on Reader Service Card 


SILICONE RUBBER — Silicone rubber 
specifications are contained in selec- 
tor chart, CDS-145, prepared by 
General Electric Co., Dept. S/A, 
Waterford, N. Y. It is designed to 
assist designers and engineers. 

Write in No. 504 on Reader Service Card 


BLIND RIVETS — Dimensional draw- 
ings for PT and 9SP rivets are dealt 
with in Form 8-409 prepared by 
Huck Mfg. Co., Dept. S/A, 2480 
Bellevue Ave., Detroit 7, Mich. It 
contains illustrations of driving cycle‘ 
for each type. 
Write in No. 505 on Reader Service Card 
more on page 348. 
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A unique combination of engineering : Check These Advantages In The New 


and scientific skills, coupled with Whittaker Sub-Miniature Rate Gyro! 


production ability... plus more than © reliable performance from 
two decades of continuous development =o Fle sor 
e only 3/, inch diameter — 2 inches long 


and production of newer and better aes : 
e non floated — eliminates fluid 


airborne instruments - over 400,000 expansion problems 


reliable guidance controls delivered — © quick start —no heater necessary 


us 
a 


these are the reasons why Whittaker Gyro For ddditional sntonnation omic 


instruments are operational on many of . «  Sub-Miniature Gyro — on any specialized 


Rey : Sor control components or systems... 
the nation’s major missile programs. 


write today for technical data. 


From a simple gyro to complete. BEES 
Floated rate gyros / Directional gyros 


Vertical gyros / Spring energized gyros 


stabilizing systems... Whittaker can 


provide the latest in design. _ © Auto-pilots /Stable platforms / Rate switches 


WHITTAKER GYRO- 


WG : Te TING 
“A Guide To Better Flignt Controls” IAAL ERS MALE eh Shs hs 
| C) CORPORATION 


16217 LINDBERGH ST., VAN NUYS, CALIF. PHONE: TRIANGLE 3-1950 


’ 


Write in No. 256 on Reader Service Card at start of Product Preview Section 
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APE? 


COMPUTER T 


| AMPEX MAGNETIC TAPE 


rms so well 


0 


AMPEX C-1...no other tape that lasts as long perf 


DATA PREVIEW 
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CUSHIONING PACK — A cushioning 
pack for packing all types of items 
for transit and storage is described in 
a folder by Blocksom & Co., Dept. 
S/A, Michigan City, Ind. Featured 
are such products as radar units, mis- 
siles, mechanical brain units, and 
liquid oxygen fuel controls. 

Write in No. 506 on Reader Service Card 


MERCURY SWITCHES—Catalog 90b 
describes the standard line of mer- 
cury switches issued by Minneapolis- 
Honeywell Regulator Co., Micro 
Switch Div., Dept. S/A, Freeport, Ill. 
Included are photographs, dimensions, 
electrical ratings, drawings, and ap- 
plication and technical data. 

Write in No. 507 on Reader Service Card 


AIRCRAFT ACCESSORIES—A catalog 
of valves, strainers, filters, accumula- 
tors and other products for aircraft, 
missile, and industrial applications has 
been prepared by Koehler Aircraft 
Products Co., Dept. S/A, 409 Leo 
St., Dayton, Ohio. Valves are divided 
into five design groups. 

Write in No. 508 on Reader Service Card 


INSULATION RESINS—A chart listing 
the uses and comparing the properties 
of standard electrical insulating Ran- 
dac epoxy systems has been prepared 
by Mitchell Rand Mfg. Corp., Dept. 
S/A, 51 Murray St., New York 7, 
N. Y. The resins are designed for 
impregnating, potting, casting, seal- 
ing, and coating of electrical com- 
ponents. 

Write in No. 509 on Reader Service Card 


MAGNET WIRE-—Basic information on 
original research as well as the engi- 
neering data on high temperature 
ceramic insulated magnet wire for 
service up to 1000 deg F is the 
subject of a brochure by Secon Metals 
Corp., Dept. S/A, 7 Intervale St., 
White Plains, N. Y. 

Write in No. 510 on Reader Service Card 


SEAT FITTINGS—Descriptions of air- 
craft seat fittings, seat and cargo tie 
down track, and a new tool for instal- 
lation of lockbolts, and other prod- 
ucts, are described in a catalog by 
Brown-Line Co., Dept. S§/A, 111 Main 
, El Segundo, Calif. 
Write in No. 511 on Reader Sevice Card 


TOGGLE SWITCH — An _ ultra-small 
toggle switch for aircraft panels, geo- 
physical equipment, transistorized de- 
vices and other areas where space and 
weight are at a premium is the sub- 
ject of data sheet 158 by Minneap- 
olis-Honeywell Regulator Co., Micro 
ee Div., Dept. S/A, Freeport, 
Ill. 
Write in No. 512 on Reader Service Card 
more on page 350 


Is our many other products, can 
be adapted to your particular | 
need while retaining the Relia- 
_ bility built in by us through de- — 
sign, processing, production, final. . 
avality conrel, and Gelvary. 


M ‘ | | 


for HYDRAULIC, 
PNEUMATIC, FUEL 
COMPONENTS ; 


Mc 2004- 20 COMPRESSOR 


Wu LAKE ORION, MICH. 


Write in ‘No. 257 on Reader Services ‘Cord 
Cee eee enttta aeeeeeeD 
EEG DAINTY MEME IM 


TORQUE WRENCH” 
_ MANUAL 


} 
: 


SENT ; 
UPON REQUEST 4 


Formulas 
Applications 
Engineering Data 
Screw Torque Data 
Adapter Problems 
General Principles 


PA [Sturtevant feo. | 
ADDISON (TEER? ILLINOIS 


< ae 


Write in No. 258 on Reader Service Card 


SPACE/AERONAUTICS 


LEAR ASTRONICS BUILDS 
PROVEN OPERATIONAL MISSILE 
COMMAND GUIDANCE RECEIVERS 


Typical of Lear avionic capabilities is the Model 5601 Data Link 
Receiver aboard the Boeing Bomare missile. Qualified to operate in 
severe missile environments, it adapts to a wide variety of command 
and data link applications, tunes to over 1,000 separate RF channels 


Model 5601 


Write for technical information to: 


DATA LINK RECEIVER 


ASTRONICS DIVISION 


3171 SOUTH BUNDY DRIVE @ SANTA MONICA, CALIF. 


‘UIDANCE AND CONTROL SYSTEMS + AUTOMATIC FLIGHT CONTROL + DATA LINK AND TELEMETRY + NAVIGATION 
Write in No. 259 on Reader Service Card at start of Product Preview Section 


THE 


ON EVERY 
CHANDLER 
CAP SCREW 

IS YOUR 
GUARANTEE OF 
QUALITY 


UNIFORMITY AND 


PRECISION! 


$32¢-CH 


This trademark —- CP — is your assurance of engineered quality 
from start to finish... your guarantee of functional dependability 

. your security that every cap screw has successfully met rigor- 
ous performance tests. Chandler Products . . . manufacturers of 
standard and special fasteners for over 30 years... mass-produces 
cold-headed cap screws from high carbon, alloy, super-alloy and 
stainless steels. Check with Chandler before placing your next order. 


Write today 
for your copy of 
CHANDLER PRECISION ji 
FASTENERS x 


chandier 


products . 
corporation 1493 Chardon Road « Cleveland 17, Ohio 


Write in No, 260 on Reader Service Card at start of Product Preview Section 
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DATA PREVIEW 


MOUNTING SYSTEMS—Space-age ca- 
pabilities in engineered systems for 
shock, noise and vibration control is 
reviewed by Lord Mfg. Co., Dept. 
S/A, Erie, Pa. Bulletin No. 714 covers 
the capabilities for handling any 
mounting system. 

Write in No. 513 on Reader Service Card 


URANIUM & THORIUM FOIL—Ura- 
nium and thorium foil and different 
ways they can be supplied are de- 
scribed in data sheet NU-7 by M 
C Nuclear, Inc., Dept. S/A, P.O. Bo 
898, Attleboro, Mass. Fabricating: 
procedures and quality control facili- 
ties are discussed. 

Write in No. 514 on Reader Service Card 


COATED TUBINGS — Physical, elec 
trical data, application imformation 
and the main features of coated 
tubings are contained in a catalog b 
Minnesota Mining & Mfg. Co., Dept 
S/A, 900 Bush Ave., St. Paul 6, Minn 
A cross-reference chart gives the 
NEMA temperature rating of each 
type of tubing. 

Write in No. 515 on Reader Service Card 


RESIN SYSTEMS—Complete data o 
fast curing, one-part epoxy resin 
systems in the form of “Scotchply’ 
brand reinforced plastic tape elec- 
trical applications has been issued 
by Minnesota Mining & Mfg. Co. 
Dept. S/A, 900 Bush Ave., St. Paw 
6, Minn. 


Wrte in No. 516 on Reader Service Care 


SEAMLESS TUBING — A technica} 
handbook, A-2, describing seamles# 
aircraft tubing, carbon and alloy steel 
has been issued by Copperweld Stee 
Co., Ohio Seamless Tube Div., Dept 
S/A, Shelby, Ohio. It covers defini 
tions, military and AMS specifications} 
Charts, tables, and drawings are in 
cluded. 


Write in No. 517 on Reader Service Caré 


BERYLLIUM OXIDE — Properties} 
chemical analysis and applications o 


of four beryllium copper rend 
alloys. 


Write in No. 518 on Reader Service Cart 


SEQUENCE INDICATORS — Panda 
mounting phase sequence indicator 
are described in an illustrated cata 
log sheet by Opad Electric Co., Dept 
S/A, 43 Walker St., New York 1 
N. Y. Bulletin 1551 covers sevel 
standard modes, and includes dimer} 
sioned outline drawings of the irf 
struments, 

Write in No. 519 on Reader Service Ca 


SPACE/AERONAUTIC! 


HONEYWELL 


WHY SWITCHES GET SHOOK UP 


Takes time? Costs money? Of course! But when 
you weigh the expense and effort devoted to testing 
against the importance of being sure, you know why 
these sealed “EN” switches (among others) are 
shaken up and battered, but good .. . why the name 
MICRO SWITCH is synonymous with dependability 


Designing precision switches for aircraft and missiles 
raises the simultaneous problems of meeting speci- 
fications and having the laboratories and test 
equipment that prove performance. Take vibration, 
for example. To be valid, a vibration test like the 


one shown above must simulate the frequency range 
and intensity of the particular and precision in airborne switches. 


vibrations the switch will encoun- MICRO SWITCH ... FREEPORT, ILLINOIS 


qualifying tests that may include 
other conditions of high-speed, 5 


ter. And that is only the beginning A division of Honeywell 
for the switch. It must pass other In Canada: Honeywell Controls Limited, Toronto 17, Ontario 
intense heat, subzero cold, extreme 
pressure, shock, radiation, and 
‘oh-alti : HONEYWELL See): ; 

nee Aa ah Pye. MICRO SWITCH Precision Switches 
Write in No. 261 on Reader Service Card at start of Product Preview Section 
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AN “‘EN’’ SWITCH 


yvermber 1959 


Sy 


When a PIP becomes a PICTURE 
UAP cools the TV tube! 


problem today for UAP design study! 


Write in No. 262 on Reader Service Card at start of Product Preview Section 


A new radar tracking system, developed by Sperry Gyro-_ 
scope, will pick up and track an object at a considerable 
distance. When the object comes within equipment range, 

a television camera, developed by Du Mont Laboratories, can 

pick up the target and show visually its identity. 


Cooling and temperature control for the TV Vidicon tube 
and associated electronic components was assigned to a 
UAP mechanical refrigeration system. Components are an 
aluminum plate type condenser and evaporator, semi-her- 
metically sealed 400 cycle compressor, blower, controls and 
chassis. The envelope is 14” dia. x 10” long, with half the 
diameter reserved for the tube circuit. Capacity of the 26- 
pound package is 275 watts at a maximum ambient of 149° 
F. The UAP system was designed for shipboard application 
and to meet necessary MIL environmental requirements. 


The pip-to-picture story demonstrates but one of UAP’s 
many capabilities in electronic cooling. Other achievements 
involve liquid cooling systems, expendable refrigerant sys- 
tems, and gas-to-gas heat exchanger systems. Get complete 
information on any of these... or submit your application 


Call or write contractual engineering: 


CALIFORNIA........ Rater ie 1101 Chestnut St., Burbank, VI 9,5856 
NEWSYORK: Seton fn fies 50 E. 42nd St., New York 17, MU 7-1283 
OHI Oicteaek Siar eiree pet cbreete ee 1116 Bolander Ave., Dayton, BA 4-3841 
CANADA A ere United Aircraft Products, Ltd., 147 Hymus Blvd., 


Pointe Claire, P.Q., Phone Montreal: OX 7-0810 


a famous family of, arcwaft essendiale since 1929 
UNITED AIRCRAFT PRODUCTS, INC. 


1116 BOLANDER AVENUE, DAYTON, OHIO 
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industry briefs 


ITS INERTIAL N7A navigation system for the Polaris 
subs has successfully gone through lab tests, Autonetics 
reports. In binnacle at left are stabilized platform, pre- 
cision gyros, and velocity meters. All other electronic 
equipment is housed in the separate console at right. 


tisuneee 


A 

SOLID PROPELLANT casing made of 
new AM-355 stainless is tested for 
strains in various sections. The new 
stainless is a_precipitation-hardening 
type developed specially by Allegheny 
Ludlum Steel to give high strength- 
weight ratios. 


A 

TORPEDO-CARRYING DSN1 drone copter, 
under development at Gyrodyne, and de- 
stroyers will make up the Navy's Dash anti- 
sub weapon. 


NEW “OMNIPLANE” VTOL craft is being 
ground-tested by Vanguard Air & Marine, of 
Paoli, Pa. In its final configuration, the plane 
is to have a ducted prop in each wing, with 
a flat, plate-type closure on top and a vene- 
tian-blind closure below. The tail will feature 


a shrouded pusher prop. 


Sao 


readers’ round table 


Why Soviets lead in space race 


by A. E. Hochstein 


Strong Electric Corp., Toledo, Ohio 


Wren THE SHOCK of the first Sputnik was fol- 
lowed by subsequent bigger shocks of bigger Sputniks 
—and now a successful moon shot—the engineers in 
missile work felt more frustrated than ever. 

Why had the Soviets gained such an important lead 
in this field in such a relatively short time? 

The answer to this question is as unexpected as it 
is simple. The Russians were bound to surpass the U.S. 
in the launching of giant-size missiles. It is notable that 
the practical mind of the American engineer, trying to 
make the impossible come true, is partly to blame 
for this. 

At the time our missile programs were started, the 
fuels then available provided limited thrust for the 
rockets. Obviously, size, total weight, and payload 
therefore were greatly limited. Payloads had to be used 
wisely to accommodate all the equipment needed for 
a sophisticated program. Therefore, all components had 
to be made as small and light as possible. 

The American technology with its boundless enthusi- 
asm rose to the occasion and provided progressively 
smaller components in an endless stream to satisfy 
the demand of missile instrumentation engineers. 

Should we wonder that reliability suffered from this 
continual shrinkage in component size? Worse, preci- 
sion suffered in a measure as the tolerances of these 
small parts got more difficult to maintain. The direct 
result of this might have been the infinitesimal errors 
in guidance that brought us failure where the Reds 
succeeded. 

For isn’t an error of 0.001 in. in a part 0.1 in. big 
only half as good as an error of 0.0001 in. in a part 
two inches high? 

The step from regular to small size was one of manu- 
facturing technique. The next step, from small to minia- 
ture, began to demand skills and some research, which 
became more intense with the leap from miniature to 
subminiature equipment. When subminiature appeared 
too big, microminiature parts rapidly became the target 
of every designer worth his salt. This trend hasn’t 
stopped. Already we hear of molecular modules with 
a density of some 34 million parts to the cubic foot. 

The manner in which our technology solved these 


Soe 


problems reflects well on the spirit of investigation of 
the American engineer. 

But it is good to stop here for a moment and con- 
sider the spot in which the U.S. is because of this 
unfortunately one-sided effort. 

We have some hundreds of pounds of satellites in 
space. The Soviets, on the other hand, have a few 
thousands of pounds of satellites circling the earth. 

The Soviet industrial potential in electronic equip- 
ment—without-in any way underrating it—is years be- 
hind its American counterpart. Production is in thou- 
sands of pieces, whereas the U.S. turns out millions. 
Miniaturization is in its first straggling steps; here it is 
an accomplished fact. 

However, the preceding paragraph gives all the an- 
swers why the U.S. lags behind the USSR in the field 
of missiles. 

The lack of “small” equipment forced the Soviet 
scientists and engineers to look for propellants that 
could carry their bulky and heavy instrumentation into 
space. 


If Soviets had had micromodules .. . 


If the Soviet engineer had had micromodule equip- 
ment at his disposal their satellite progress might have 
followed a course more parallel to our own. There 
would have been no need to put super-Sputniks into 
orbit. 

We should remember that engineers can solve prob- 
lems in two ways. The problem without technological 
limits will be solved by going around the difficulties 
met along the way. The problem with set and rigid 
limits will be taken as a personal challenge by many 
scientists and engineers. It will lead to new and some- 
times remarkably unorthodox solutions. 

We had no super-propellants, so the easiest way out 
was the micromodule. The easiest way out for the Reds 
was the super-propellant and the giant missile. 

Let us set our own limits with forethought. We shall 
be able not only to regain lost ground, but surpass all 
others in the race for space. 


Contributions to this department may be on any subject, 
technical or nontechnical, about which readers would 
like to air their views. Names and professional affiliations 
will be withheld on request. 
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HIGH PRESSURE HOSE FOR 
AIRCRAFT AND MISSILES 


SRANTTEL 


SUPER “T-HP”’ 


with 
medium pressure 
““SUPER-T” 
RELIABILITY 


um tests exceed MIL-H-8788 in *Teflon is @ 
registered 


‘ature one and fully DuPont 
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SALES OFFICES: 


Atlanta, Chicago 
Cleveland, Dayton 
Detroit, Fort Wayne 

Fort Worth, Hawthorne 
Houston, Kansas City 
Milwaukee 
New York, Philadelphia 
Pittsburgh 
San Francisco, Seattle 
Toronto, Tulsa 


(\\ 
TRENOE LER 


P.O. Box 10398 « Fort Worth, nt VA 


Branch Plants: Hawthorne, Cal., Fort Wayne, Toronto 
In Canada: Stratoflex of Canada, Inc. 
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CONVAIR'S F-IO6G DELTA DARTS ~- ALL-WEATHER INTERCEPTORS 


SILHOUETTES OF STRENGTH 


Now entering full-scale operational status with the U.S.A.F. Air Defense Command, Convair’s 
F-106 is the world’s fastest and highest-flying all-weather interceptor. These “silhouettes of 


strength,” latest and most spectacular of the delta-shaped interceptors pioneered by Convair, 


a Division of General Dynamics Corporation, are playing a vital part in helping the 


Air Defense Command in its mission of protecting your-home and country! 


2 a eh 
CORPORATION 


